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LITERATURE REVIEW 
Brucella genus characteristics and history 
The genus Brucella is composed of six species of bacteria which include; 
B. melitensis, B. abortus, B. suis, B. neotomae, B. ovis, and B. canis. 
There are three biotypes of B. melitensis, 9 biotypes of B. abortus, and 4 
biotypes of B. suis Members of the genus are non-encapsulated, non-motile 
Gram negative, aerobic, coccobacilli. Generally, the bacteria are catalase and 
oxidase positive, except B. neotomae and B. ovis which are oxidase 
negative.' All members of the genus are facultative intracellular parasites and 
designation of the different species is based largely on the distinct host 
preference of each species as the names suggest. Biochemical differentiation 
of the species can be made on the basis of carbohydrate utilization.'. 
A thorough review of the history of brucellosis has been written 
previously.2 The history of Brucellosis extends back to the time of Hippocrates 
(approx. 450 B. C.) who described a disease pattern which is compatible with 
brucenosis.3 The first accurate description of brucellosis as a disease entity 
was made by Marston in 1861.'' 
The organism currently known as B. melitensis was first described as 
the etiologic agent of Malta fever by Sir David Bruce in 1887.5 Bruce isolated 
the organism from the spleen of victims of Malta Fever who had ingested milk 
from infected goats. He designated the agent. Micrococcus melitensis due 
to the coccoid morphology associated with the organism. The term "undulant 
fever" was coined by M. L Hughes to describe the characterisitic undulations of 
the febrile response associated with recrudescent episodes of the disease. 3 
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The history of bovine brucellosis has beginnings in approximately 278 B. C. 
at which time a disease known as abortus epi demi eus was producing 
widespread pestilence in the Roman empire.^ This disease was particularly 
fatal to pregnant women and cows. The contagious nature of bovine abortion 
was established in 1886 by Nocard at the school of veterinary medicine located 
in Alfort, France? The first isolation of the etiologic agent responsible for the 
disease was made by Bang in j 897.8.9 jhe organism was isolated from the 
uterine fluids and membranes of a cow which had aborted. Bang described his 
bacterium as a bacillus and noted increased CO2 was required for successful 
primary culture of the organism, a finding confirmed much later by HuddlesonJo 
This resulted in the designation of the organism as Bacillus abortus. 
The differences between the organisms as well as the subsequent 
designations by Bang and Bruce resulted in difficulties for subsequent workers 
in the field by concealing the relatedness of the two species of 
microorganisms. In 1916, Alice Evans, a scientist with the Bureau of Animal 
Industry, reported on the successful isolation of B. abortus from milk drawn 
from normal udders."-'2 She later described the close relationship between M. 
me li tens is and B. abortus and implicated milk from infected cattle as a 
vector for the human disease.'3 This work was soon confirmed by Meyer and 
Shaw who suggested that both bacteria should be placed into the genus 
Brucella}^ 
Pathogenesis of brucellosis in cattle 
Numerous portals of entry for B. abortus have been described for cattle 
including the genital tract, skin, conjunctiva, and teat canal. Ingestion of the 
organism has been shown to be the most common route, is.ie Following 
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exposure, the bacteria are rapidly ingested by polymorphonuclear leukocytes 
(PMNs) and transported to the regional lymph nodes. Bacterial multiplication 
occurs in the lymph nodes, leading to a subsequent bacteremia and localization 
within the uterus and mammary gland. Reasons for the bacterial trop ism for 
the uterus and fetal tissues are unclear, however, the presence of erythritol in 
these locations has been implicated.'7 infection of the placenta usually results 
in abortion or premature birth, and aborted fetuses often have lesions in the 
spleen and lymph nodes. Currently, the reasons for fetal death are not well 
understood, however, endotoxin poisoning may play a role.'8 
Following an aborted pregnancy, a cow may harbor the organism for years 
without reoccurrence of abortion in subsequent pregnancies. These infected 
animals appear healthy, however, they may shed the organism in the milk. 
PMN morphologv 
The cytoplasm of PMNs contains a lobulated nucleus, Golgi bodies, and 
numerous granules. Mature PMNs contain few if any mitochondria indicating the 
cells do not use aerobic metabolism as a major source of energy. The lack of a 
well-organized endoplasmic reticulum in mature cells suggests these cells do 
not actively produce proteins for secretion. 
Previous research indicates human PMNs contain two types of lysosomal 
granules based on histochemical staining of peroxidase.'^ Peroxidase-positive 
granules are larger and more electron dense than peroxidase negative granules. 
The peroxidase-positive granules are also referred to as azurophilic or primary 
granules. These granules are the first granule type to appear in maturing 
human PMNs and they comprise only 10-20% of the total granule population.'^. 
20.21 Primary granules contain a variety of proteins including, acid hydrolases 
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(B-glucuronidase, N-acetyl-13-glucosaminidase, etc.), neutral proteases 
(elastase and cathepsin G), cationic proteins, myeloperoxidase, and lysozyme. 
Myeloperoxidase is the main constituent of primary granules and serves as the 
marker protein.22 
Peroxidase-negative or specific granules make up the majority of the 
granule population of human PMNs. These granules contain lactoferrin, 
lysozyme, and alkaline phosphatase/^. 21 
Bovine PMNs are considerably smaller than human PMNs (7iim vs. I2um, 
respectively).23 Recently, a third granule population has been described in 
bovine PMNs.24 These granules are peroxidase-negative and markedly larger 
than either primary or specific granules. Bovine primary granules contain less 
myeloperoxidase and B-glucuronldase than their human counterparts, but the 
specific granules contain increased amounts of lactoferrin.22 
PMN Dhvsioloqv and bacterial-phaaocvte interactions 
The interactions between microbes and PMNs have been the topic of 
several recent reviews.25.25.27 jhe process of phagocytosis can be separated 
into five different events; 1 ) chemotaxis, 2) contact and ingestion, 3) 
oxidative metabolic burst, 4) degranulatlon, and 5) killing, it is important to 
note that microbes have evolved to possess mechanisms for avoiding or 
resisting each step in the phagocytic response to Infection. 
Neutrophils migrate to a site of infection through a complex series of 
processes. First, the PMN must adhere to the vascular endothelium and enter 
the surrounding tissues by exiting between endothelial cells. This process is 
known as diapedesis. Adherence of PMNs is dependent on a heat-stable factor 
present in the blood plasma, but not in serum.28 
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Energy for PMN migration is produced through anaerobic glycolysis. 
Migration by PMNs can be either random (chemokinesis) or directed 
(chemotaxis). A wide variety of materials can serve as chemotactic factors; 
these include: bacterial proteins, complement components (C3a and C5a), 
components of the kinin system, and bacterial endotoxins. Neutrophils migrate 
towards the direction which produces the greatest gradient of chemotactic 
factor concentration across the eel 1.29 Cyclic nucleotides have been shown to 
play a role in modulating chemotaxis by PMNs.^o Cyclic-3',5'-adenosine 
monophosphate (cAMP) diminishes chemotaxis while cyclic-3',5'-guanosine 
monophosphate (cGMP) enhances migration. 
Certain microbes have developed methods of inhibiting PMN chemotaxis. 
Inhibition of chemotaxis prevents phagocytes from reaching the site of 
infection thus allowing bacterial replication to go unchecked. Some organisms 
possess a decreased ability to activate complement resulting in decreased 
production of C5a. This mechanism is employed by Neisseria gonorrhoeae?^ 
Pseudomonas aeruginosa elaborates an elastase which inactivates the CI, 
C3, C5, C8, and C9 components of complement.32 Both chemotaxis and ingestion 
are inhibited by this mechanism. A variety of other mechanisms exist as well. 
Once the neutrophil reaches the site of infection, engulfment of the 
invading organisms occurs. Ingestion is a two-step process involving 
attachment of the organism to the PMN membrane and the subsequent 
internalization of the particle. Attachment of the bacteria is a passive 
process, whereas ingestion occurs through an energy requiring mechanism.25 
Ingestion stimulates an increase in glycolytic activity which presumably 
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provides the required energy 33.34 Neutrophils require the presence of Ca+2 and 
Mg+2 for optimal ingestion.35.36 
Although some particles can be ingested without prior opsonization, most 
bacteria must be coated with opsonins for optimal attachment and 
engulfment.25 The components of serum which serve as opsonins include the 
C3b component of complement, IgG, and IgM. Some research has shown that IgM 
promotes recognition of microbes by monocytes and macrophages whereas C3b 
and IgG promote recognition by neutrophils.25 Many bacteria activate the 
alternate complement cascade directly while the classical pathway of 
complement activation can occur directly or after the Fab portion of an 
immunoglobulin (Ig) molecule binds to a microbe and fixes the Clq component 
of complement.25 When antibody molecules bind to the surface of a microbe, 
the physiochemical properties of the organism surface change. The bacterial 
surface becomes more hydrophobic and the net negative charge is reduced.37.38 
These changes result in increased efficiency of phagocytosis by the PMN. 
Attachment of the ig-coated bacteria to the neutrophil occurs through the 
binding of the exposed Fc portions of ig to Fc receptors present on the surface 
of the neutrophil. Although the mechanisms involved in ingestion are not fully 
understood, it is believed that there is sequential interaction between the 
opsonins on the particle surface and the receptors on the PMN surface. These 
interactions stimulate the polymerization of actin microfilaments which 
underly the PMN membrane.39.40 The contractile action of the microfilaments 
results in the surrounding of the phagocytic particle by the PMN membrane 
leading to the formation of a particle-containing vacuole inside the PMN known 
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as a phagosome. The external PMN surface becomes the internal surface of the 
phagosome. 
Many bacteria possess antiphagocytic surface components. The most 
common structure is that of a polysaccharide capsule. These structures 
prevent attachment of the organism to the phagocyte unless a specific 
anticapusular antibody serves as the opsonizing ligand.^" Examples of 
organisms which use this mechanism are: Streptococcus pneumoniae, 
Klebsiella pneumoniae, Yersinia pestis, and Pasteurella multocida 
43.44.45 Some organisms produce antiphagocytic capsules which are composed 
of protein. These include the M protein capsule of streptococci, the K-88 
capsule of Escherichia coli, and the poly-D-glutamic acid capsule of 
Bacillus anthracis^"^' Antiphagocytic capsules prevent the binding of 
opsonins to the bacterial surface and they mask the presence of bound 
opsonins.'^G. 49 Another surface component which has been shown to prevent 
attachment of organisms to the surface of PMNs is the protein A molecule 
produced by some Staphylococci. This molecule binds specifically to the Fc 
portion of IgG molecules, thus blocking the interaction of the Ig molecule with 
the Fc receptor on the PMN surface.so. si 
Some organisms attach to PMNs readily, but possess components which 
prevent ingestion from occuring. Both Mycoplasmas^ piliated N. 
gonorrheae readily attach to neutrophils, but are neither ingested nor 
killled.52.53 One possible explanation for this activity was that binding of 
gonococci to the neutrophil surface reduced the membrane fluidity of the 
PMN.54 Since membrane fluidity is required for ingestion to occur, it is 
possible that this mechanism would prevent engulfment of the organism. Other 
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researchers have shown that binding of virulent gonococci to PMNs does not 
prevent the neutrophil from ingesting other organisms.ss These workers 
suggested that the reduced membrane fluidity was localized to the area of 
gonococci attachment only. 
As mentioned above, concomitant with ingestion, there is a dramatic 
increase in metabolic activity by PMNs. This respiratory burst involves a 
series of enzymatic reactions responsible for the conversion of oxygen to 
active radicals which exhibit potent microbicidal activities. 
Hexose monophosphate shunt activity and oxygen consumption increase 
three to twenty-fold following ingestion.33.34 The hexose monophosphate 
shunt consists of a series of reactions which convert glucose to a pentose and 
CO2 resulting in the generation of NADPH.56 Oxygen is then converted to 
superoxide anion through electron transfer from NADPH.s? This reaction is 
catalyzed by NADPH oxidase. Spontaneous dismutation of two molecules of O2" 
leads to the formation of one molecule of H2O2 ^8. A drop in Intraphagosomal pH 
occurs concurrently with the metabolic burst.59 Using indicator-stained yeast, 
these studies have shown a drop to pH 4.5 to 5.0 within 10 minutes following 
ingestion. The respiratory burst is physiologically activated by ingestion, but a 
variety of soluble mediators are also capable of stimulating a PMN. These 
agents include, but are not limited to, the C5a component of complement and 
some Ca+2 ionophores.Go. 6i 
Certain bacteria apparently do not stimulate the normal oxidative burst 
when ingested by PMNs. Examples include; Salmonella typhi and 
B. aùortusP"^- 63 The mechanism for this lack of stimulation has not been 
determined. 
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The fourth step involved in the phagocytic process is that of degranulation 
which leads to the destruction of ingested bacteria by the microbicidal 
activities of the enzymes and proteins contained within the granules. 
Degranulation occurs simultaneously with the respiratory burst following 
stimulation of the 65 Lysosomal granules move towards the phagosome 
through the action of microtubules.^^ Fusion of the granule with the phagosome 
results in the formation of a phagolysosome. Over 50% of the granule contents 
released by primary granules can be recovered from within the 
phagolysosome.67 To the contrary, approximately 90% of the contents released 
from specific granules following ingestion can be found outside of the PMN.25 
Extracellular degranulation appears to occur through two distinct 
mechanisms.68 Occasionally, granules discharge their contents into 
phagosomes before ingestion of the particle is complete. This results in 
leakage of granule contents to the external environment of the cell. This 
process is referred to as "regurgitation during feeding". The second mechanism 
involves the fusion of granules with the plasma membrane of the PMN and the 
subsequent release of granule constituents to the outside of the cell. This 
process, known as "reverse endocytosis", may play a beneficial role in the 
destruction of parasites too large to be ingested by the PMN. 
Microtubule formation and degranulation by PMNs have been shown to be 
decreased in the presence of intracellular cAMP and increased in the presence 
of intracellular cGMP.M These results have been the subject of controversy and 
there is evidence that alterations in microtubule assembly induce changes in 
cyclic nucleotides.70 Riches et al. have reported that lysosomal enzyme 
secretion by murine macrophages Is inhibited in the presence of purine 
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nucleotides/' These studies indicated that nucleotides were converted to 
nucleosides through the action of cell-associated 5"-nucleotidase and it was 
the nucleoside which was responsible for the inhibition. In addition, 
competitive binding studies indicated the site of nucleoside action was 
intracellular. 
Most of the studies involving bacterial inhibition of degranulation have 
involved members of the genus Mycobacterium. Viable M. tuberculosis 
have been shown to inhibit degranulation through the action of a sulfatide 
containing glycolipid.72 other studies involving measurement of intracellular 
cAMP levels have indicated that macrophages which have ingested 
mycobacteria develop a sustained increase in intracellular cAMP.73 These 
studies suggested that the Ingested bacteria produce the additional cAMP.74 
The final step in the bacterial-phagocyte interaction involves destruction 
of the ingested organism by the products of the respiratory burst and 
degranulation. The anti-microbial mechanisms of PMNs can be divided into two 
broad categories: the oxygen-dependent reactions and the oxygen-Independent 
reactions. 
The myeloperoxidase-hydrogen peroxide-halide (MP0-H202-halide) system 
is the primary oxidative antibacterial system of PMNs.^S- 76 The components 
required for a functional MP0-H202-halide system include: myeloperoxidase 
from the primary granules, H2O2 from the respiratory burst, and halide anions.76 
The pH optimum for MP0-H202-halide activity is pH 5.0 to 5.5 which is 
consistent with the observed pH of the phagolysosome (pH 45 to 5.0) following 
ingestion of an organism.59 it has been well established that H2O2 posesses 
bactericidal activity, however, in the presence of myeloperoxidase, the 
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antimicrobial activity is enhanced markedly?^ The halide used in the MPO-
H202-halide reaction series dramatically effects the bactericidal effectiveness 
of the system.?? In decreasing order of potency, the halides which serve as 
cofactors include; iodide, bromide, and chloride. Two mechanisms of iodide-
mediated killing have been proposed: 1 ) iodination of histidine or tyrosine 
residues in bacterial proteins and 2) oxidation of bacterial membrane 
sulfhydral groups 78. Chloride is most likely the physiologic halide used by the 
eel 1.25 If chloride is used in the system, hypochlorous acid is produced as a 
byproduct of the MP0-H202-halide reaction. Singlet oxygen, hydroxy! radicals 
and aldehydes are also produced as a consequence of membrane lipid 
peroxidation and decarboxylation of proteins.'^. 79 Each of these byproducts 
contribute to the bactericidal capacity of the PMN.'s 
Neutrophils have been shown to possess limited bactericidal capabilities 
under anaerobic conditions suggesting the presence of non-oxidative killing 
mechanisms.80 These mechanisms include the acid environment inside the 
phagolysosome, lactoferrin, lysozyme, and cationic proteins. The main effect 
of the acid pH of the phagolysosome is to enhance the activity of granule 
enzymes as described above, however, some bacteria are killed by the acid 
environment alone. Lactoferrin is a bacteriostatic iron-binding protein located 
in the specific granules of PMNs.si The mechanism of the bacteriostatic action 
of the protein involves its ability to prevent bacteria from obtaining the iron 
needed for growth.82 Lysozyme is a protein which can be found in both primary 
and secondary granules. The enzyme hydrolyzes the glycosidic linkage between 
N-acetyl muramic acid and N-acetyl glucosamine. These substances make up a 
substantial portion of the peptidoglycan layer of bacterial cell walls. The 
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enzyme is primarily effective against Gram positive organisms, however, with 
the aid of complement, it can also damage Gram negative bacteria.75 The 
bactericidal cationic proteins are stored in the specific granules of PMNs. 
These proteins inhibit DNA, RNA, and protein synthesis by microorganisms 
resulting in their death.83 To date, seven immunologically identical, cationic 
proteins have been described.84 
Microbes resist oxidative killing by a variety of mechanisms. One of the 
most commonly used methods is the production of catalase. Catalase is a 
enzyme which protects organisms from oxidative antimicrobial reactions by 
destroying H2O2.85 This mechanism is used by coagulase-positive strains of 
Staphylococcus aureus and by Listeria monocytogenes^^' 86 
Another mechanism used by microorganisms to destroy toxic oxygen 
metabolites involves the enzyme superoxide dismutase. This enzyme catalyzes 
the spontaneous dismutation of O2" to H2O2 thus protecting the microbe from 
the toxic effects of 02". Some studies have indicated that strains of £ coH 
which possess increased amounts of superoxide dismutase have increased 
intracellular survival compared to superoxide dismutase deficient strains.^? 
Results of other studies have not indicated a positive correlation between 
superoxide dismutase production and intracellular survival.^s. 86 
Singlet oxygen produced as a result of the oxidative metabolic burst of 
PMNs possesses strong oxidative antimicrobial activity.^s This activity is 
decreased in the presence of substances which contain large numbers of 
conjugated double bonds.'^i An example of such a compound is the carotenoid 
pigment possessed by strains of Sarcina lutea. Strains which possess the 
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pigment have been shown to be more resistant to oxidative killing by PMNs than 
non-pigmented strains of the same organismes 
Previous work with B. abortus has indicated that rough strains of the 
organism were killed more efficiently by human and bovine PMNs than were 
smooth strains.63 The results of these studies suggested that the smooth 
lipopolysaccharide of the bacterial cell membrane decreased the susceptibility 
of the organism to oxidative degradation. 
A final method used by microorganisms to escape destruction by 
phagocytic cells involves the production of cytotoxins which rapidly kill 
phagocytic cells. These cytotoxins can be either soluble or cell- associated."" 
The toxins produced by a variety of organisms initiate depolarization of 
phagocyte membranes leading to extensive degranulation and loss of membrane 
integrity resulting in cell death: One example of a microbial cytotoxin is the 
leukocidin produced by staphylococci. Leukocidin is a soluble toxin which binds 
to the PMN membrane resulting in the sequelae described above.89 it has been 
hypothesized that the final events resulting in phagocyte death may involve 
changes in ion and water fluxes due to the toxin itself rather than PMN 
degranulation.90 
Some strains of 5. pyogenes have been shown to produce at least two 
toxins.91.92.93 The first toxin, streptolysin 0, is a soluble toxin which binds to 
the PMN surface through cholesterol receptors. Once bound, the toxin produces 
holes in the PMN membrane which lead to lysis of the eel 1.94 The other toxin 
produced by 5. pyogenes is a cell-associated molecule known as streptolysin 
5. This molecule requires contact between the bacterium and the PMN for 
activity and uses a mechanism of action similar to leukocidin.^s Examples of 
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other organisms which produce cytotoxins include 5. pneumoniae^^, 5. 
aureus'^'^, and P. aeruginosa"^^- 99. 
Interactions of B. abortus with PMNs 
Early studies of the interactions between B. abortus and bovine 
phagocytic cells compared the ability of virulent and attenuated strains of the 
organism to survive within phagocytes. 
Studies by Stinebring'o® indicated that B. abortus grown within guinea 
pig monocytes had an increased ability to survive and multiply 
intracellular^ when compared with organisms grown in vitro In addition, it 
was hypothesized that differences in susceptibility to intracellular 
destruction might be due to quantitative differences in the amount of 
protective materials produced by different strains. 
Smith and Fitzgeorge evaluated the relative susceptibilities of virulent 
and avirulent strains of B. abortus to the bactericidal activities of bovine 
buffy coat cells.'O' The virulent strain (544) exhibited greater resistance to 
intracellular killing than did the avirulent strain (45/0). In addition, these 
studies indicated B. abortus strain 544 isolated from infected bovine 
placenta resisted killing better than the same strain grown in vitro These 
studies also showed that a Hughes Press cell wall preparation of B. abortus 
544 grown in vivo enhanced the intracellular survival of the avirulent strain 
of the organism. Cell wall preparations from rough organisms (strain 45/20) 
also enhanced the ability of strain 45/0 to survive intracellularly, but the 
enhancement was of lesser magnitude. Cell wall preparations from the same 
organism grown in vitro did not enhance the ability of B. abortus (45/0) to 
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survive intracellular]/. The enhancing effect of the cell wall preparation was 
neutralized in the presence of specific antiserum. 
Further studies by Fitzgeorge and Smith indicated that B. abortus (strain 
544) grown in medium containing 20% bovine allantoic fluids had an enhanced 
ability to survive within bovine buffy coat cells compared with bacteria grown 
in unsupplemented medium. 102 in addition, cell wall preparations from 
organisms grown in supplemented medium enhanced the ability of avirulent 
strains of B. abortus to survive within bovine buffy coat cells. However, 
this material was still less effective in enhancing survival than cell wall 
preparations from organisms grown in vivo. 
Kreutzer et al. 63 investigated the bactericidal activity of guinea pig and 
human PMNs against smooth (45/0) and rough (45/20) strains of B. abortus 
Following incubation for 2 hours, guinea pig PMNs exhibited no killing of the 
smooth strain and only limited killing of rough organisms. Human PMNs were 
more effective in killing both strains of B. abortus, but the B. abortus were 
killed less effectively than control preparations of 5. aureus Both smooth 
and rough B. abortus were readily ingested by human and guinea pig PMNs as 
measured by uptake of radiolabelled bacteria opsonized with heat-inactivated 
homologous serum. However, ingestion of the bacteria did not appear to 
stimulate hexose monophosphate shunt activity as measured by the oxidation of 
'•^C-labeled glucose. This finding confirmed previous studies by Morris which 
indicated ingestion of B. abortus did not stimulate the production of O2" as 
measured by quantitative nitroblue tetrazolium dye reduction. '03 it is 
important to note that the bacteria used in this study were not opsonized prior 
to use in the assay. 
16 
Granule lysates from guinea pig and human PMNs were not brucellacidal 
unless they were supplemented with H2O2 and either CI" or I". Both smooth and 
rough strains of B. abortus were susceptible to in vitro killing by the MPO-
H202-halide mixtures, with |- being more effective than C1-.63 
Comparisons of the cell envelope components of smooth and rough strains 
of B. abortus by biochemical and ultrastructural analysis indicated that the 
cell walls of strain 45/0 were markedly more resistant to digestion by 
hydrolytic enzymes than cell walls from strain 45/20. Based on these studies, 
it was hypothesized that a phenol-soluble lipopolysaccharide from the cell 
surface of the smooth strain might be responsible for enhancing the 
intracellular survival of BrucellaThese findings are similar to those 
reported by Frost et al. for B. abortus strain 544.'05 This study reported that 
a surface antigen was produced by bacteria grown in medium supplemented 
with bovine allantoic fluids which was capable of preventing intracellular 
killing by bovine buffy coat cells. This material could be removed from the 
cells by washing with a mixture of 10% v/v ether and water. 
It should be noted that the organisms used by Kreutzer and Robertson were 
grown in medium consisting of tryptose, yeast extract, glucose, vitamins and 
salts. These results conflict with the earlier findings of Fitzgeorge and Smith 
cited above which indicated the need for allantoic fluids in in vitro culture 
medium for production of organisms resistant to intracellular destruction. It 
seems possible that this apparent difference could be due to the different 
strains of Brucella used, the culture media employed for growth, or the 
methods used to evaluate intracellular killing. 
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Further studies by Riley and Robertson and Robertson et al. compared the 
brucellacidal activities of bovine and human PMNs.'Ofi. i07 Bovine PMNs were 
found to be significantly more bactericidal than human PMNs against smooth 
strain 45/0, whereas there was no difference in bactericidal activity of the 
two species' PMNs against rough strain 45/20. As reported previously 63^ both 
strains of bacteria were readily ingested by human and bovine cells. The 
amount of degranulation (determined by electron microscopy) in both species' 
PMNs incubated with strain 45/0 was significantly reduced in comparison to 
control preparations involving the extracellular organism Staphylococcus 
epidermidis. Quantitative evidence of decreased degranulation was obtained 
by measuring the amounts of granule enzymes released into the extracellular 
environment and isolation of intact granules from infected cells by sucrose 
density gradient centrifugation. The results of these studies indicated that 
PMNs incubated with B. abortus released significantly less myeloperoxidase 
than did cells incubated with 5. epidermidis Lactoferrin release was not 
appreciably different between cells incubated with B. abortus vs. 5. 
epidermidis Results of the granule isolation studies indicated that 
degranulation of primary granules was less in PMNs which had ingested B. 
abortus than in PMNs exposed to 5. epidermidis These studies also 
indicated specific granule degranulation was inhibited in the presence of B. 
abortus The amounts of degranulation of primary and secondary granules 
were not significantly different between PMNs incubated with strain 45/0 vs. 
strain 45/20. Exposure of human PMNs to glutaraldehyde-killed 45/0 cells also 
resulted in suppression of primary and secondary granule degranulation. 
Inhibition of primary and secondary granule degranulation would result in a 
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decrease in both oxidative and non-oxidative bactericidal activities of PMNs 
exposed to B. abortus. 
Further studies by Riley and Robertson investigated the susceptibility 
of strains 45/0 and 45/20 to freeze-thaw and high-salt extracts of human and 
bovine PMN granules. Freeze-thaw extracts of human PMN granules 
supplemented with H2O2 and potassium iodide possessed increased killing 
activity compared to high-salt extracts. Conversely, high-salt extracts of 
bovine PMN granules supplemented with H2O2 and potassium iodide exhibited 
more potent brucellacidal activity than did freeze-thaw extracts. Strain 45/0 
was more resistant to oxygen-dependent killing than strain 45/20. Neither 
smooth nor rough organisms were susceptible to destruction by oxygen-
independent killing mechanisms using concentrations of granule extracts which 
resulted in killing of rough mutants of Salmonella typhimurium. Maximum 
antibacterial activity occurred at pH 5.5 to 6.0 and granule extracts were more 
toxic than equivalent amounts of purified myeloperoxidase. 
Results of a recently published report have indicated that phagosome-
lysosome fusion in murine peritoneal macrophages is inhibited in the presence 
of water extracts from virulent (strain 2308) B. abortusSimilar extracts 
from an avirulent strain (strain 19) did not produce a similar effect. These 
findings are similar to previous reports concerning the interaction between B. 
suis and murine macrophages, "o 
In summary, both smooth and rough strains of B. abortus are readily 
ingested by bovine PMNs, however, ingestion of organisms opsonized with 
antibody does not appear to stimulate hexose monophosphate shunt activity. 
Smooth strains of B. abortus exhibit increased resistance to the 
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brucellacidal activities of bovine PMNs when compared to rough strains of the 
organism, but, both smooth and rough strains are susceptible to in vitro 
killing by MP0-H202-halide mixtures. Qualitative and quantitative procedures 
for measuring degranulation indicate both primary and secondary granule 
degranulation is inhibited in the presence of smooth or rough strains of B. 
abortus. The virulence factor(s) responsible for the increased intracellular 
survival of B. abortus appear to be associated with the bacterial cell surface 
Expression of these materials may be enhanced in organisms grown in vivo or 
in media supplemented with bovine allantoic fluids. It has been suggested that 
a toxic lipopolysaccharide from the surface of smooth strains of the organism 
may be partially responsible for the increased intracellular survival of 8. 
abortus. 
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SECTION I. ISOLATION OF Brucella abortus COMPONENTS 
RESPONSIBLE FOR INHIBITION OF BOVINE NEUTROPHIL FUNCTION 
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SUMMARY 
The effects of Brucella aùortus strain 2308 fractions on bovine 
polymorphonuclear leukocyte (PMN) functions were examined //? i^/tra 5. 
aureus ingestion and nitroblue tetrazolium dye (NBT) reduction by bovine PMNs 
were not inhibited by heat-killed B. abortus. The ability of PMNs to iodinate 
proteins was significantly inhibited by live and heat-killed B. abortus and 
supernatant from heat-killed cells, but not in the presence of washed heat-killed 
cells. Two inhibitory components were isolated from the supernatant by high 
performance liquid chromatography (HPLC) and were characterized as nucleotide- ' 
like substances with molecular weights of less than 1,000 daltons. Inhibition of 
iodination by these components was concentration dependent. These results 
indicate that one of the mechanisms by which B. abortus Tm'i escape 
intracellular killing by PMNs is through the production of low molecular weight 
components which inhibit the myeloperoxidase hydrogen peroxide-halide (MPO-
H202-halide) antibacterial system of bovine PMNs. 
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INTRODUCTION 
Bovine brucellosis continues to be a disease of major economic 
significance in North America and throughout the world. The causative agent, 
Brucella abortus is a facultative intracellular parasite capable of surviving 
within PMNs and non-activated macrophages '• 2. The mechanisms and virulence 
factors responsible for evasion of the host's phagocytic system are not well 
understood. Smith 3 hypothesized that a cell wall component of B. abortus 
interfered with the bactericidal mechanisms of phagocytes. Virulent B. 
abortus obtained from guinea pig monocytes or infected bovine placenta had 
enhanced ability to survive intracellularly compared with the same strain 
grown on laboratory media. Cell wall material of organisms obtained from 
infected bovine placenta inhibited intracellular destruction of an attenuated 
strain of B. abortus^. The PMN inhibitory activity was not present in cell 
wall material from organisms grown in //Yri^unless bovine allantoic fluids 
were present in the culture medium 3. s 
Kreutzer et al. 6 and Riley and Robertson ? compared the ability of human 
and bovine PMNs to ingest and kill smooth and rough strains of B. abortus. 
Both bacterial strains were readily ingested by either human or bovine 
phagocytes. Both smooth and rough strains were resistant to killing by human 
and bovine PMNs, however, the smooth strain was more resistant than the rough 
strain. Although B. abortus resisted intracellular killing, a portion of the 
organisms were killed. Using electron microscopy, they showed that 
degranulation of both primary and secondary PMN granules was inhibited by B. 
abortus and viable organisms were not required to inhibit degranulation. 
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Thus, they hypothesized that there may be a unique surface component 
responsible for the inhibition of degranulation by PMNs which allowed the 
bacteria to resist PMN bactericidal activity. 
It was shown using granule extracts that the MP0-H202-halide system 
appeared to be effective in killing Brucella if allowed to function normally 8. 
Thus, inhibition of degranulation, would appear to be an important factor in the 
intracellular survival of B. abortus. Kreutzer and Robertson 9 indicated that 
the component responsible for this activity may have been a toxic 
lipopolysaccharide (LPS). Some studies 9. io have also indicated that ingestion 
of B. abortus did not stimulate the oxidative metabolic burst which normally 
accompanies ingestion, thus the hydrogen peroxide required by the MPO-H2O2-
halide antibacterial system may not have been produced. B. abortus did not 
inhibit the oxidative metabolic burst if neutrophils were stimulated with a 
different bacteria 9. 
The purpose of this study was to determine the effects of virulent B. 
abortus on specific aspects of bovine PMN function. In vitro assays were 
conducted in the presence of B. abortus (or fractions of the organism) to 
determine the ability of PMNs to carry out ingestion, the metabolic oxidative 
burst, and the MP0-H202-halide reaction, in addition, PMN inhibitory factors 
produced by B. abortus were isolated and partially characterized. 
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MATERIALS AND METHODS 
Bacterial preparation 
Strain 2308 of B. abortus was used throughout this study. Strain 2308 
is a highly virulent, smooth form of bovine origin. Cultures were inoculated 
into a fermenter containing 12 L of medium composed of Bacto-dextrose 
(30g/L), peptone "M" (30g/L), Bacto-yeast extract ( 1 Og/L, Bacto products, 
Difco, Detroit, Ml), NaH2P04 (9g/L), Na2HP04 (3.3g/L) and distilled water. The 
culture was aerated (12,000 cc/min) with a source of filter sterilized air. 
Following incubation with agitation for 48 hours at 37 'C, the cells were 
harvested by filtration and washed three times with sterile 0.85% saline 
solution by centrifugation. The bacteria were then resuspended in saline and 
standardized turbidometrically to approximately 4X10" cells/ml. A portion of 
the standardized bacteria was used directly in the PMN function assays while 
the remaining cells were heat-killed at 65'C for one hour. An aliquot of these 
cells was cultured for three days to insure that no viable cells remained. 
Bacterial fractions 
A portion of the standardized heat-killed bacterial suspension was saved 
and used as the whole heat-killed cell fraction. The remainder was centrifuged 
at 18000 X g for 20 minutes. The pelleted cells were washed three times with 
phosphate buffered saline solution (PBS, 0.15 M NaCl, 50 mM phosphate, pH 7.2) 
and resuspended to the original volume in PBS for use as the washed cell 
fraction. A portion of the supernatant from the heat-killed cells was used as 
the crude supernatant fraction. The remaining supernatant was separated by 
molecular filtration into fractions with molecular weights of ^ 10,000 daltons 
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and il,000 da 1 tons using PMIO, and YM2 filters (Amicon Corp., Lexington, 
Mass.), respectively. The retentate from the PMIO filtration was washed three 
times by resuspension to 20 ml and refiltering to 2 ml. Following the final 
wash, the retentate was resuspended to the original volume for use as the 
greater than 10,000 da 1 ton fraction. Alternatively, the filtrate from the YM2 
filtration was designated as the less than 1,000 dalton fraction. 
Release of inhibitors bv live brucella 
To determine if live B. abortus elaborate PMN inhibitory substances into 
their surroundings, media in which the cells had been incubated was evaluated 
for inhibition of normal PMN function. Briefly, B. abortus cells were grown 
to a density of 8X10'o cells/ml in a fermentor as described above. The bacteria 
were washed three times with 0.85% saline and resuspended in Earle's balanced 
salt solution (EBSS, GIBCO, Grand Island, NY) to a concentration of 4X10io 
cells/ml. The cells were incubated on a rotary shaker for approximately 26 
hrs. at 37' C after which the bacteria were pelleted by centrifugation. The 
culture supernatant was filtered twice through 0.45 jim filters and checked for 
sterility. The filtrate was then passed through a YM2 filter as described above. 
The filtrate was designated as the culture supernatant fraction. 
High performance liquid chromatograohv 
Further separation of the less than 1,000 dalton fraction was performed 
using reverse-phase HPLC. Briefly, one ml samples were injected onto a 
reverse-phase CI8 column (iiBondapack 7.8 mm X 300 mm, Waters Associates, 
Milford, Mass.). The mobile phase consisted of a solution of 5% methanol and 
0.1% ammonium bicarbonate in water adjusted to pH 6.4 using IN HCI. The flow 
rate during the separation was 1.5 ml/min and the effluent was monitored at 
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254 nm. Individual peaks were collected and dried in a lyophilizer to remove 
the volatile solvent components. Following drying, the fractions were 
resuspended to their injection volume. HPLC fraction 3 was rechromatographed 
using the same solvent and column, with a 1.0 ml/min flow rate to obtain 
better separation of the components of Interest. 
Characterization of fractions 
Several procedures were used to physically characterize the less than 
1,000 da 1 ton fraction. To determine if the material was heat stable, an 
aliquot of the fraction was autoclaved for 15 minutes at 121 'C prior to 
assaying the material for biological activity. This material was designated as 
the autoclaved fraction. The pH stability of the material was determined by 
adding 0.1 ml of either 1N HCl or 1N NaOH to alter the pH of the sample (0.1 ml) 
to pH 2.3 or pH 12.0 respectively. Following incubation for 30 minutes, the 
samples were neutralized to pH 7.2 by addition of either IN HCl or IN NaOH. 
The samples were then compared to non-treated volume matched samples of 
less than 1,000 dalton fraction for their ability to inhibit bovine PMN function. 
Partial chemical characterization of biologically active HPLC purified 
fractions was obtained by a variety of procedures. Protein content was 
determined by the Folin phenol method using bovine serum albumin as a 
standard. Total carbohydrate was determined with the phenol-sulfuric acid 
method as described by Dubois et al. '2. The wavelength of maximum 
absorbance was identified using a scanning U.V. spectrophotometer. 
Further structural characterization was obtained using thin layer 
chromatography (TLC). Briefly, 50 iil samples were spotted onto silica gel 
plates (silica gel G, Anal tech, Newark, Del.). The mobile phase consisted of a 
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solution of 70% propanol in water. Rhodamine 6G was used for the 
detection of lipids iodine vapor was used to identify unsaturation '3. a 
solution of 0.3% H2O2 was used to detect aromatic acids while ninhydrin was 
used to identify primary amino groups '3. 
PMN preparation 
Twenty apparently healthy adult Holstein-Friesian steers, without 
detectable antibody against either infectious bovine rhinotracheitis virus or 
bovine viral diarrhea virus, were used as a source of PMNs throughout the 
course of this study. These animals were housed together in outdoor pens and 
fed grain and hay once daily. None of the animals had any known previous 
exposure to B. abortus. Bovine PMNs were isolated as previously described '-4. 
Briefly, peripheral blood was collected in acid-citrate-dextrose solution and 
centrifuged. The resulting plasma and buffy coat cells were discarded. 
Erythrocytes present in the packed cell layer were lysed with phosphate 
* buffered deionized water and the remaining cells, which generally consisted of 
>90% granulocytes (as determined by differential counts on Wright's stained 
smears), were washed and resuspended in PBS to a concentration of 5X10? 
cells/ml. The cells were held at room temperature for approximately 1 hr. 
before use in all three PMN function assays. 
PMN function tests 
PMN function tests were conducted in duplicate, and the average of 
duplicate values was used for calculation. 
1) Staphylococcus aureus ingestion- Heat-killed ['25|] jodo-
deoxyuridine (['25|]UdR, Amersham Corp., Arlington Heights, IL)-
labeleled 5. aureus was used to evaluate ingestion by PMNs. The test 
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was performed in plastic tubes (l2X75mm), and the standard reaction 
mixture contained 0.1 ml of [i25i]udR labeled 5. aureus, 0.05 ml of 
PMNs (2.5x106 PMNs, 60:1 bacteria to PMN ratio), 0.05 ml of a 1:10 
dilution of bovine anti-5. aureus serum, and 0.3 ml of EBSS. To 
determine the effects of bacterial fractions on ingestion by PMNs, 0.1 
ml of a B. abortus (4X10io cells or equivalent fraction) or 0.1 
ml of PBS as a control was added to the standard reaction mixture. The 
reaction mixture was incubated for 10 minutes at 37 "C, after which 
the extracellular 5. aureus was removed by lysostaphin treatment. 
The PMNs were washed by centrifugation and the amount of PMN 
associated radioactivity was determined. Results were expressed as 
the percentage of labeled. 5. aureus that were ingested. 
2) Nitroblue tetrazolium (NBT) dye reduction- This test measures the 
normal oxidative metabolic burst of PMNs. The assay was conducted in 
siliconized glass tubes (15X100mm), and the standard reaction mixture 
contained 0.2 ml of NBT solution (2mg/ml), 5X106 PMNs, 0.1 ml of 
preopsonized zymosan preparation (lOmg/ml), and 0.6 ml of EBSS. To 
determine the effects of bacterial fractions on NBT reduction by PMNs, 
0.2 ml of B. abortus fraction (8X10'o cells or equivalent fraction) or 
0.2 ml of PBS as a control was added to the standard reaction mixture. 
Following 10 minutes of incubation at 37 'C, the reaction was stopped. 
Purple formazan formed as a product of NBT reduction was extracted 
with pyridine and the O.D. at 580 nm was determined. Results were 
expressed as the O.D. per 5X106 PMNs per 10 min. in 5.0 ml of pyridine. 
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3) lodination assay- The iodination assay (a measure of the MPO-H2O2-
halide activity of PMNs) was performed in capped polystyrene tubes 
(I2X75mm). The standard reaction mixture contained 0.05 mi of PMNs 
(2.5X1 Qû cells), 0.05 nCi of [i25|] (carrier free, Amersham Corp., 
Arlington Heights, ID, 40 nmoles of Mal, 0.05 ml of preopsonized 
zymosan (lOmg/mI), and 0.3 ml of EB5S. To determine the effects of 
bacterial fractions on iodination by PMNs, 0.1 ml of B. abortus 
fraction (4X10'o cells or equivalent fraction) or 0.1 ml of PBS as a 
control was added to the standard reaction mixture. The reaction was 
allowed to proceed for 20 minutes at 37 'C, and the amount of 
trichloroacetic acid precipitable radioactivity was determined. 
Results were expressed as nmoles of Nal per 10^ PMNs per hour. 
To determine the effects of bacterial fractions on each PMN function, the 
value obtained when a bacterial fraction was added to PMNs was compared with 
the value obtained with control (PBS-treated) PMNs from the same animal. 
Either an analysis of variance procedure (blocked by day) or Students T-test 
was used to determine significance of the differences in PMN function. For 
data presentation, all treatment values are expressed as percent of control 
which is defined as the (experimental value divided by the control value) X 100. 
Reversibilitv of effects and masking studies 
To determine if inhibitory activities seen in iodination studies were 
reversible, PMNs (2.5 XI06 cells) were preincubated for 20 minutes with the 
less than 1,000 dalton fraction (0.1 ml) and washed three times with PBS prior 
to being added to the normal iodination reaction mixture. To determine if the 
inhibitory substance bound to the preopsonized zymosan and prevented its 
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stimulation of PMNs, 0.05 ml of preopsonized zymosan was preincubated with 
0.1 ml of the less than 1,000 da I ton fraction for 20 minutes. Following 
preincubation and washing with PBS, the treated zymosan was added to the 
normal reaction mixture for use in the iodination assay. 
Xanthine-xanthine oxidase-horseradish peroxidase-mediated iodination 
To further study the effects of the less than 1,000 da 1 ton fraction on 
iodination by PMNs, an enzyme catalyzed iodination reaction was used which 
did not involve PMNs. The procedure used has been described previously 'S. 
Briefly, xanthine oxidase and xanthine (Sigma Chemical Co., St. Louis) were 
used to catalyze the formation of superoxide anion. The hydrogen peroxide 
formed from the superoxide anion then served as the substrate for horseradish 
peroxidase (Sigma Chemical Co., St. Louis) used to catalyze the iodination of 
endogenous proteins. The standard reaction mixture contained 40 nmoles of 
Nai, 0.05 tiCi of 125|, 0.3 ml of EBSS containing 0.1% bovine serum albumin, 0.5 
mg of xanthine, 0.5 U of horseradish peroxidase, and 0.1 ml of less than 1000 
da 1 ton fraction or PBS as a control. The reaction was started by the addition of 
0.02 U of xanthine oxidase after which the mixture was incubated and 
processed by the same procedures as those used for PMN iodination. A blank 
containing all of the reaction components except xanthine oxidase was run with 
each experiment. The results are expressed in counts per minute. 
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RESULTS 
Effect of B. abortus fractions on 5. aureus ingestion 
The results of the 5. aureus ingestion studies are shown in Table 1. 
Ingestion of bacteria was inhibited (66.0 ± 5.2% of control) significantly 
(P<0.01) by the washed cell fraction. The whole heat-killed cell fraction was 
also inhibitory (84.4 + 7.1% of control), however, this suppression was not 
statistically significant (P>0.05). No other fractions had any significant 
(P>0.05) effect on the phagocytic ability of bovine PMNs. 
Effect of B. abortus fractions on NBT reduction 
The results of the NBT reduction studies are presented in Table I. None of 
the bacterial fractions tested had any significant (P>0.05) effect on the ability 
of PMNs to produce superoxide anion as measured by NBT reduction. 
Effect of B. abortus fractions on iodination 
The effects of the crude bacterial fractions on the ability of PMNs to 
iodinate protein are presented in Table 1. Iodination of proteins by PMNs was 
significantly inhibited (P<0.01) by live Brucella (34.1% of control). In 
addition, the iodination ability of PMNs was significantly (P<0.01) inhibited 38 
to 54% in the presence of whole heat-killed cells, supernatant, and the less 
than 1,000 dalton fractions. The washed cell, live cell supernatant, and greater 
than 10,000 dalton fractions had no effect on iodination by PMNs. When the 
less than 1,000 dalton fraction was processed as described for further 
characterization of the Inhibitory factor, neither autoclaving nor treatment 
with acid or base destroyed the inhibitory activity of the fraction on iodination 
Table 1. Effects of B. abortus fractions on in vitro PMN functions expressed as percent of 
control (mean ± S.E., n=6) 
Fraction 
Greater 
PMN Live cell Less than than 
Function Umq â. abortus Whole Heat- culture Supernatant Washed 1,000 10,000 
Assay strain 2308 killed cells spnt. from cells cells daltons daltons 
5. aureus 
Ingestion ND 84.8±7.1 104.7±5.4 97.5±8.4 66.0±6.2"114.4±8.6 91.0±9.4 
NBT Reduction ND 101.5±15.2 98.6±7.3 95.5+12.8 93.4+9.5 103.1 ±13.7 92.1+6.6 
lodlnatlon 34.111.7- 45.6+1.8" 109.5+8.3 60.915.7" 98.5+7.7 61.7+3.4" 93.1+7.0 
" P< 0.01 by analysis of variance when compared to control (PBS-treated) cells. 
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by PMNs (Fig. 1). Pretreatment of opsonized zymosan or PMNs with the less 
than 1,000 daiton fraction followed by washing had no effect on iodination by 
PMNs. 
Effects of less than 1.000 daiton fraction on xanthine-xanthine oxidase-
horseradish oeroxidase-mediated iodination 
The effects of the less than 1,000 daiton fraction on an enzyme catalyzed 
iodination reaction which did not involve PMNs were examined. This procedure 
involved using xanthine oxidase and xanthine to catalyze the formation of 
superoxide anion. Hydrogen peroxide formed from the superoxide anion then 
served as the substrate for horseradish peroxidase which was used to catalyze 
the iodination of proteins. The less than 1,000 daiton fraction did not inhibit 
the xanthine-xanthine oxidase-horseradish peroxidase iodination system (Table 
2). 
Results of HPLC separation of less than 1 000 daiton fraction 
The results of the first reverse phase separation of the less than 1,000 
daiton fraction are shown in Fig. 2. Results of testing each of the fractions 
labeled in Fig. 2 on iodination indicated that the PMN inhibitory activity was 
contained in peaks 3 and 10. Peak 3 was reinjected onto the column and the 
separation obtained is shown in Fig. 3. The effects of all HPLC separated 
fractions on iodination by PMNs are presented in Fig. 4 Iodination was 
significantly (P<0.01) inhibited by fraction 3b, fraction 10 (P<0.05) and by the 
unseparated less than 1,000 daiton fraction (P<0.01). None of the other 
fractions obtained by HPLC had any significant effect on iodination by PMNs. 
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Figure 1. Effects of pH and heat-treated less than 1,000 dalton fraction and 
pretreated opsonized zymosan and PMNs on iodination by bovine PMNs 
(mean ± S.E., n=6). 
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Table 2. Effect of the less than 1,000 dalton fraction of B. abortus on 
xanthine-xanthine oxidase-horseradish peroxidase-mediated 
iodination (mean ± S.E., n=5) 
Treatment Iodination value (cpm) 
Blank (no xanthine oxidase) 313 + 53 
Control (PBS) 1259 + 76 
Less than 1,000 dalton fraction 1273 ± 50 
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I 2 3 
INJECT 
Figure 2. Primary separation of less than 1,000 dalton fraction by reverse 
phase HPLC 
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3b 
Figure.3. Separation of reinjected HPLC fraction 3 by reverse phase HPLC 
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Figure 4. Effects of all HPLC separated fractions on iodination by bovine 
PMNs (mean ± S.E., n= 11 ) 
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Titration of the inhibitory activity and chemical characterization of HPLC 
fractions 3b and 10 
HPLC fractions 3b and 10 were used to evaluate their concentration 
effects on lodination by bovine PMNs. The inhibitory activities expressed by 
both fractions were concentration dependent, but neither fraction completely 
inhibited the lodination reaction even at the highest concentration tested. The 
results were examined by least squares analysis and expressed as percent of 
control (Fig. 5). 
Results of protein determinations indicated that neither fraction 3b nor 10 
contained measurable protein. Fraction 3b contained approximately 39.8 
lig/ml of carbohydrate while fraction 10 didn't contain any detectable 
carbohydrate. Dry weight determinations indicated HPLC fraction 3b contained 
approximately 0.156 mg/ml of dry material while fraction 10 contained 
approximately 0.17 mg/ml of dry material. 
The results of the thin layer chromatography studies are shown in Fig. 6. 
When exposed to short-wave UV light, fraction 3b produced two fluorescent 
spots, one with an Rf of 0.31 and the other 0.47 Fraction 10 treated similarly 
produced one spot with an Rf of 0.47. Both fractions stained with iodine vapor, 
Indicating the presence of unsaturated carbon-carbon bonds. Neither fraction 
contained any detectable lipids, primary amino groups or aromatic acids. 
The results of an ultraviolet light scan of the fractions indicated that both 
molecules exhibited maximum absorbance values at 260 nm. 
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Figure 5. Effects of various concentrations of HPLC fractions 3b and 10 on 
iodination by bovine PMNs (n=4) 
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Rf=0.47 
Figure 6. Thin layer chromatography separation of HPLC fractions 3b and 
10 using exposure to short wave ultraviolet light for detection 
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DISCUSSION 
Two major microbicidal activities occur inside a PMN when an organism is 
ingested: (i) the generation of toxic products of oxygen resulting from 
oxidative metabolism, and (ii) the enzymatic destruction of the microorganism 
by the lysosomal enzymes present in the granules which fuse with the 
phagocytic vacuoles Many pathogenic organisms have developed mechanisms 
of resisting and inhibiting phagocytic cell activity, thus facilitating their 
survival within the host 
The first step of the bacterial-PMN interaction is ingestion. Results of 
the S. aureus ingestion assay (Table 1) indicate that this strain of B. 
abortus does not appear to produce any substances which inhibit the 
phagocytic ability of PMNs. The decreased ingestion of 5. aureus seen with 
the washed cell and whole heat-killed fractions was probably due to 
competitive inhibition of the uptake of 5. aureus between the two bacterial 
species. When soluble fractions of B. abortus were added to the reaction 
mixture, no inhibition of ingestion was seen. 
Oxidative metabolism by the PMN is an important prerequisite for oxygen-
dependent bactericidal activities. When a PMN is stimulated, oxidase enzyme 
on the surface of the plasma membrane catalyzes the conversion of oxygen to 
superoxide anion which is then spontaneously converted to hydrogen peroxide. 
NBT is directly reduced by superoxide anion to an insoluble purple formazan. 
NBT reduction is therefore a measure of superoxide anion production by the 
PMN '8 Results of the NBT reduction assay (Table 1) indicate that neither 
whole heat-killed cells nor fractions of B. abortus inhibit superoxide anion 
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production by bovine PMNs. In addition, filtered culture supernatant from live 
Brucella cells did not suppress the ability of the PMNs to produce superoxide 
anion. Previous workers have determined that the ingestion of Brucella did 
not stimulate the respiratory burst in PMNs 9.10. Their results also indicated 
that if the respiratory burst was stimulated by another phagocytosable 
particle. Brucella did not inhibit the oxidative burst 9, The current work 
evaluated the ability of PMNs metabolically stimulated with opsonized zymosan 
to carry out the respiratory burst in the presence of whole or fractionated 
Brucella The assay results indicate that once the respiratory burst is 
stimulated, the bacteria does not prevent the formation of superoxide anion. 
The iodination reaction of PMNs is dependent on the generation of hydrogen 
peroxide, degranulation of primary granules to release myeloperoxidase, the 
presence of iodine, the unimpaired ability of myeloperoxidase to catalyze the 
iodination of exposed tyrosine on proteins, and the presence of tyrosine. This 
system exhibits potent antimicrobial activity '9 The result of the PMN 
iodination assays (Table 1, Figs. 1 and 4) indicate that the ability of PMNs to 
iodinate proteins was inhibited by live B. abortus, whole heat-killed B. 
abortus and the following fractions; crude supernatant, less than 1,000 
dalton, autoclaved supernatant, and low and high pH treated less than 1,000 
dalton material. Thus, the components responsible for this inhibitory activity 
are heat and pH stable materials from the supernatant of heat-killed B. 
abortus which have molecular weights of less than 1,000 daltons. The 
inhibitory materials can be isolated in HPLC fractions 3b and 10, with fraction 
3b being significantly (P<0.05) more suppressive than fraction 10 (68.4% vs. 
84.5%). The results of the titration studies (Fig. 5) indicate that this 
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difference may be due to a difference in the relative concentrations of these 
inhibitory components extracted from the bacterial ceils. The purified 
materials were maintained at the same relative concentration as the crude 
material extracted from the bacterial surface, thus allowing a rough 
determination of percent recovery directly from the percent inhibition of 
iodination. Since the suppression is dose dependent and the purified materials 
show the same level of inhibition as the crude materials, we can assume a high 
rate of recovery. 
Results of the iodination assays which involved the pretreated opsonized 
zymosan and pretreated PMNs (Fig. 1) Indicate the inhibitory substances do not 
exert their inhibition by masking the stimulatory sites on the opsonized 
zymosE' articles and that the inhibitory effects were reversible. Results of 
the iodination assays Involving the culture supernatant from live Brucella 
cells indicate the organism does not release detectable amounts of the 
inhibitory materials into the environment as a result of bacterial metabolic 
processes. It should be noted that these results are valid for the conditions 
used and actively growing cells may behave differently. This finding indicates 
that the suppressive materials are an integral part of the cell surface as 
suggested by other researchers 4. ? 
These results indicate that strain 2308 of B. abortus produces low 
molecular weight substances which specifically inhibit the MP0-H202-halide 
antibacterial system of bovine PMNs. It is possible that the inhibition of the 
riP0-H202-haiide system Is due to decreased availability of hydrogen peroxide 
or a decrease in the capability of myeloperoxidase to catalyze the iodination 
reaction. However, since the xanthine-xanthine oxidase- horseradish 
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peroxidase-mediated iodination was not inhibited by the less than 1,000 dalton 
fraction (Table 2), the rate of formation of hydrogen peroxide from superoxide 
anion and the rate of hydrogen peroxide destruction were apparently not 
affected. In addition, the ability of the peroxidase enzyme to catalyze the 
reaction was apparently unimpaired. Myeloperoxidase and horseradish 
peroxidase are different enzymes and it is possible that the inhibitory factors 
could inhibit myeloperoxidase directly, but not inhibit horseradish peroxidase. 
Rhodococcus equi, another bacteria which resists killing by PMNs also 
produces low molecular components which inhibit the MP0-H202-halide 
antibacterial system 20. 
Previous research involving the isolation and characterization of 
lysosomal enzymes has indicated that Brucella abortus inhibits 
degranulation of both primary and secondary granules 6.7 Frenchick et al. 21 
have recently shown that soluble extracts of B. abortus inhibit phagosome-
lysosome fusion in murine peritoneal macrophages. Morphometric analysis of 
transmission electron micrographs of bovine PMNs treated with the less than 
1,000 dalton fraction has indicated that this material inhibits degranulation of 
PMN granules. 22 Since degranulation is required for the release of 
myeloperoxidase, it seems likely that fractions 3b and 10 inhibit the MPO-
H202-halide antibacterial system of PMNs by preventing degranulation and the 
subsequent release of myeloperoxidase. Smith 3 and Fitzgeorge and Smith 5 
reported that B. abortus grown in vitro did not produce PMN inhibitory 
activity unless bovine allantoic fluids were contained within the culture 
medium. Our results indicate that a PMN inhibitory substance is produced by B. 
abortus strain 2308 cells grown in vitro even if bovine allantoic fluids are 
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not present in the culture medium. This apparent discrepancy may have been 
due to the different strains of the organism that were used, the different 
methods of culturing the bacteria, or the different methods used for the 
detection of PMN inhibitory activity. 
Results of the thin layer chromatography studies (Fig. 6) indicate that 
fraction 3b is composed of two portions. One portion co-migrates with 
fraction 10 indicating that fraction 10 may be a breakdown product of fraction 
3b. A summary of the characterization results indicates that neither fraction 
3b nor 10 contain detectable proteins or lipids. Fraction 3b contains a small 
amount of carbohydrate while fraction 10 does not contain a detectable amount. 
Both fractions exhibit maximum absorbance of UV light at 260 nm and are 
small in size. These results are consistent with the properties of nucleotide or 
nucleotide-like substances. 
These studies indicate that one of the mechanisms by which B. abortus 
may escape intracellular killing by PMNs is through the production of low 
molecular weight components which inhibit the liP0-H202-halide antibacterial 
system of bovine PMNs by preventing the degranulation of peroxidase positive 
granules. Due to their small size, it seems likely that these components are 
not immunogenic and escape detection by the bovine immune system while 
facilitating the intracellular survival of B. abortus. 
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SECTION II. KINETICS OF ANION FLUXES AND THEIR 
RELATION TO POLYMORPHONUCLEAR LEUKOCYTE FUNCTIONS 
51 
SUMMARY 
The kinetics of anion fluxes in bovine neutrophils were investigated in 
vitro and the relationship of these fluxes to polymorphonuclear leukocyte 
(PMN) function were determined. Results o'f anion transport studies indicated 
both resting and opsonized zymosan-stimulated bovine PMNs transport anions 
into and out of the cell as evidenced by fluxes of 50^2 - anions across the 
plasma membrane. Resting and stimulated cells transported approximately the 
same amount of 5O42- into the cell, however, stimulated cells achieved 
maximum influx levels at an accelerated rate. Rates of anion efflux did not 
differ significantly between stimulated and resting cells. Anion influx, but not 
efflux, was inhibited by 2"-deoxy-D-glucose and the anion channel blocker 4,4'-
diisothiocyano-2,2'-disulfonic stilbene (DIDS). Random migration, 5. aureus 
ingestion, and iodination of proteins by stimulated PMNs were inhibited in the 
presence of DIDS. Superoxide anion production and antibody-dependent cell-
mediated cytotoxicity activity were not affected by an anion channel blocker. 
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INTRODUCTION 
Anion fluxes have been shown to play significant roles in regulating 
secretory activities in a number of cell types.'- 2.3 These studies have 
demonstrated anion channel blockers inhibit degranulation by these cells, 
indicating a role for permeant anions in cellular secretory processes. 
Korchak et al. have demonstrated that anion channel blockers [4-
acetamido-4'-isothiocyano-2,2'-disulfonic stilbene (SITS) and 4,4'-
diisothiocyano-2,2'-disulfonic stilbene (DIDS)] inhibit degranulation by human 
neutrophils stimulated with either antigen/antibody complexes or calcium 
ionophore A23187, but do not prevent the generation of superoxide anion. Anion 
channel blockers inhibit fluxes of radiolabelled sulfate across the neutrophil 
cytoplasmic membrane and the degree of anion transport inhibition is directly 
correlated with the inhibition of degranulation. These studies indicated that 
degranulation to the exterior of the plasma membrane (exocytosis) is inhibited 
in the presence of anion channel blockers, but lysosome-lysosome fusion and 
microtubule function in treated cells are not inhibited. The author concluded 
that permeant anions play a regulatory role in neutrophil degranulation and 
anion channel blockers specifically inhibit fusion of lysosomes with normal or 
invaginated plasma membrane. 
More detailed studies of anion fluxes in human neutrophils s indicate that 
the rate of sulfate transport in resting neutrophils is significantly less than 
observed for human erythrocytes. Anion transport inhibitors also decrease 
activity of the ecto-enzyme, Mg2 + -ATPase, but this activity is not responsible 
for the inhibition of degranulation. This finding indicates that binding of SITS 
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to the human neutrophil is not specific to the anion channel as is the case for 
erythrocytes. Currently, the identity of the anion(s) and direction of the fluxes 
involved in degranulation are unknown. 
The current experimentation was performed to determine the kinetics of 
anion transport in resting and stimulated bovine PMNs and to examine the 
effects of an anion channel blocker on a variety of PMN functions. 
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MATERIALS AND METHODS 
PMN preoaratlon-
Six apparently healthy adult mixed-breed steers were used as a source of 
PMNs. Bovine PMNs were isolated as previously described.^ Briefly, peripheral 
blood was collected in acid-citrate dextrose solution and centrifuged. The 
resulting plasma and buff y coat layers were discarded. Erythrocytes present in 
the packed cell layer were lysed with phosphate buffered deionized water and 
the remaining cells, which generally consisted of >90% granulocytes (as 
determined by differential counts on Wright's stained smears), were washed 
and resuspended in phosphate-buffered saline (PBS, 0.15 M NaCl, 50 mM 
phosphate, pH 7.2) to a concentration of 5x10^cells/ml for PMN function 
assays. Cells used in the anion transport assays were suspended to a 
concentration of IxIO^cells/ml in PBS. 
Sulfate fluxes-
Anion transport In bovine PMNs was evaluated by studying 50^2- fluxes 
using a modification of methods described by Korchak et al.-^ 
1) Influx- Standardized PMNs (1x10' cells in 0.1 ml of PBS) were added to 
0.5 ml capacity microcentrifuge tubes (VWR Scientific, Chicago). The 
cells were pelleted at 8,000 x g for 30 sec (Microfuge 12, Beckman, CA). 
and the supernatant fluid was discarded. The tubes were then placed at 
4'C and the cells were resuspended in 0.1 ml of cold (4'C) Krebs-Ringer-
Hepes (KRH) buffer (pH 7.45) having an ionic composition of; Na+ 15 mM, 
K+ 5 mM, Ca2+ 1.3 mM, Mg2+ 1.2 mM, CI" 153 mM, 50^2- i.o mM, and Hepes 
10 mM 7. Saline (0.1 ml, 0.85% NaCl) was added to all tubes and anion 
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influx was initiated by the addition of 0.05 ml (0.5 uCi) of [3 -
(ICN Biomedicals Inc., Irvine, CA) in KRH buffer. Treatment tubes were 
immediately transferred to a 37°C water bath while background samples 
remained at 4°C. Influx kinetics were determined by incubating cells for 
0, 15, 30, 45, 60, 75, and 90 min. Kinetic studies of anion transport in 
stimulated cells were performed similarly, except that an additional 
volume of 0.05 ml of opsonized zymosan (10 mg/ml suspended in KRH 
buffer) was added to all tubes. The opsonized zymosan was added 
immediately following the addition of P sgj-SO^z - and incubation periods 
of 0, 5, 10, 15, 20, 30, 45, and 60 min. were used. After incubation, the 
cells were pelleted by centrifugation as described above and washed 
twice (8,000 X g, 30 sec.) with 0.5 ml of cold (4''C) KRH buffer to remove 
extracellular [3 ssj-so^z- The cells were resuspended in 0.1 ml of KRH 
buffer and transferred to liquid scintillation vials. Scintillation 
cocktail (10 ml, Cytoscint, ICN Biochemicals Inc., Irvine CA) was added 
to all vials and the cell-associated radioactivity was determined in a 
liquid scintillation counter. Quenching of cell-associated radioactivity 
was monitored by a sample channels ratio method. 
2) Efflux- PMNs were preloaded by allowing P ssj-sOz,^ - to influx as 
described above for 50 min. at 37'C. After loading, the cells were 
chilled to 4'C and washed twice with 0.5 ml of cold (4°C) KRH buffer. 
Anion efflux was initiated by resuspending the cells in 0.05 ml of cold 
(4°C) KRH buffer and 0.1 ml of saline. Treatment tubes were 
immediately transferred to a 37°C water bath while background samples 
remained at 4'C. Efflux kinetics in resting cells were determined by 
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incubating cells for 0, 15, 30, 45, 60, 75, and 90 min. Kinetic studies of 
anion effluxes in stimulated cells were performed similarly except that 
an additional volume of 0.05 ml of opsonized zymosan (in KRH buffer) 
was added to all of the tubes. The opsonized zymosan was added 
immediately following the addition of saline to the cells and incubation 
periods of 0, 5, 10, 15, 20, 30, 45, and 50 min. were used. After 
incubation, the cells were pelleted (8,000 x g, 30 sec.) and the 
supernatant fluid containing the P - was collected and 
transferred to scintillation vials for determination of the amount of 
released radioactivity as described above. 
Each treatment was conducted in duplicate and the average of duplicate 
values was used for calculation. Results of these experiments were recorded 
as nmoles 50^2- /1o^ PMNs using the following formula: 
(com influx or efflux) - (com background, time 0) X (100 nmoles 5O42 -) 
(cpm standard)-(cpm background, time 0) 
Results of the kinetic studies were used to determine the optimal 
conditions for further studies of anion fluxes. To determine if anion transport 
in stimulated cells was an energy dependent process, 0.1 ml of the glucose 
analog, 2'-deoxy-D-glucose, (final concentration 2.5X10-3 M, Sigma Chemical 
Co., St. Louis, MO ) was added to the cell suspension in place of saline prior to 
the start of the anion fluxes. The effects of the anion channel blocker, DIDS, 
on anion transport in stimulated PMNs were evaluated by adding 0.1 ml of 
various concentrations of DID5 (in saline) to the standard reaction mixture in 
place of saline before initiation of influx or efflux. The effects of DIDS (final 
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concentration 4X10-5 M) on kinetics of anion Influx by stimulated cells were 
determined by adding 0.1 ml of DIDS to the cell suspension and incubating for 0, 
5, 10, 15, and 30 m In. To determine the effects of inhibitors on anion 
transport, the value obtained when the inhibitor was added to PMNs was 
compared with the value obtained with control (saline-treated) PMNs from the 
same animal. An analysis of variance procedure (blocked by day) was used to 
determine significance of the differences in anion transport. For data 
presentation, treatment values were sometimes expressed as percent of 
control which is defined: (experimental value/control value) x 100. 
PMN function tests-
Detailed procedures for PMN function tests have been described previously.^ 
The tests were conducted in duplicate and the average of duplicate values was 
used for calculation. 
I ) Random migration under agarose- The random migration assay was 
performed in 60 mm x 15 mm Petri plates (no. 1007 Falcon, Oxnard CA). 
The agar consisted of bicarbonate buffered Minimum Essential Medium 
with Earle's salts (Grand Island Biological Co., Grand Island, NY) 
containing 0.8% agarose, 10% fetal calf serum, and 1% Antibiotic 
Antimycotic (Grand Island Biological Co., Grand Island, NY). Cells 
pre incubated 45 m In. with either an equal volume of DIDS (final 
concentration 4X10-s M) or PBS were added to wells cut Into the agar and 
the Petri plates were Incubated for 18 hrs. at 37'C In a humidified 
atmosphere containing of 5% CO2. The cells were fixed with 
glutaraldehyde (8%), and the agar was removed from the Petri plates. 
Adherent cells were stained with a modified Wright's stain (Dlf-Quick, 
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Harleco, Gibbstown, NJ) and the area of migration was determined and 
expressed in mm2. 
2) Staphylococcus ingestion- Heat-killed ['251] iodo-
deoxyuridine (['25 i] udR, Amersham Corp., Arlington Heights, ID- labeled 
5. 3ureus\NZS used to evaluate ingestion by PMNs. The test was 
performed in plastic tubes (12x75mm), and the standard reaction 
mixture contained 0.1 ml of ['25 ijUdR labeled 5. aureus, 0.05 ml of PMNs 
(2.5x106 PMNs, 60:1 bacteria to PMN ratio), 0.05 ml of a 1:10 dilution of 
bovine anti-5. aureusand 0.3 ml of Earle's balanced salt 
solution (EBS5, GIBCO, Grand Island, NY). To determine the effects of 
DIDS on ingestion by PMNs, 0.1 ml of either DIDS (final concentration 
2.0X10-5 M) or 0.1 ml of PBS as a control was added to the standard 
reaction mixture. The reaction mixture was incubated for 10 minutes 
with aggitation at 37 'C, after which the extracellular 5. aureus'^-às 
removed by lysostaphin treatment. The PMNs were washed by 
centrifugation and the amount of PMN associated radioactivity was 
determined. Results were expressed as the percentage of labeled 5. 
aureus that were ingested. 
3) Nitroblue tetrazolium (NBT) dye reduction- This assay measures the 
amount of superoxide anion produced by the oxidative metabolic burst of 
stimulated PMNs. The assay was conducted in siliconized glass tubes 
(15x100mm), and the standard reaction mixture contained 0.2 ml of NBT 
solution (2mg/ml), 5x106 pMNs, 0.1 ml of preopsonized zymosan 
preparation (lOmg/ml), and0.6 ml of EBSS. To determine the effects of 
DIDS on NBT reduction by PMNs, 0.2 ml of either DIDS (final concentration 
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2.0X10-5 M) or PBS as a control was added to the standard reaction 
mixture. Following 10 minutes of incubation at 37 °C, the reaction was 
stopped, purple formazan formed as a product of NBT reduction was 
extracted with pyridine and the optical density (O.D.) at 580 nm was 
determined. Results were expressed as the O.D. per 5x10^ PMNs per 10 
min. in 5.0 ml of pyridine. 
4) lodination assay- The iodination assay (a measure of the 
myeloperoxidase -H202-haiide activity of PMNs) was performed in 
capped polystyrene tubes (12x75mm). The standard reaction mixture 
contained 0.05 ml of PMNs (2.5x10^ cells), 0.05 }iCi of ['25|] (carrier 
free, Amersham Corp., Arlington Heights, IL), 40 nmoles of Nai, 0.05 ml 
' of preopsonized zymosan (lOmg/ml), and 0.3 ml of EBSS. To determine 
the effects of DiDS on iodination by PMNs, 0.1 ml of either DIDS (final 
concentration 2X10-5 M) or PBS as a control was added to the standard 
reaction mixture. The reaction was allowed to proceed for 20 minutes at 
37 'C, and the amount of trichloroacetic acid precipitable radioactivity 
was determined. Results were expressed as nmoles of Nal per 10^ PMNs 
per hour. 
5) Antibody-dependent cell-mediated cytotoxicity- The antibody-dependent 
cell-mediated cytotoxicity (ADCC) assay was performed using [S'Cr]-
labeled chicken red blood cells (CRBCs) as target cells. Radiolabelling of 
CRBCs was accomplished by suspending 1.25x10? CRBCs in 0.4 ml of 
Medium 199 (GIBCO, Grand island, NY) containing 200 jiCi of [^'Cr] (Na2 
CrO^, New England Nuclear, Boston, MA). After incubation for 1 hr. at 
37°C, the CRBCs were washed twice and resuspended in Medium 199 at a 
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cell concentration of 1.25x106/ml. The assay was performed in 96-well 
microtiter plates. Controls for spontaneous release with or without 
antibody and PMNs without anti-CRBC antibody were included. The total 
possible [51 Cr] release was determined by incubating CRBCs in the 
presence of Triton X 100. The reaction mixtures were incubated at 37'C 
for 2 hr. in a humidified 5% CO2 atmosphere. The culture supernatant 
fluids were collected using a filter pad supernatant fluid collection 
system (Skatron Co., Sterling, VA) and the associated radioactivity was 
determined in a gamma counter. To determine the effects of DIDS on 
ADCC by PMNs, cells preincubated with either an equal volume of DIDS 
(final concentration 4X10"5M) or PBS for 45 min. were used in the assay. 
The results were expressed as percent of specific release and were 
calculated using the following formula: 
Percent specific release = [(mean cpm test) - (mean cpm 
background)/(mean Triton X cpm) - (mean cpm background)] x 100. 
To determine the effects of DIDS on each PMN function, the value obtained 
when various concentrations of the inhibitor were added to PMNs was compared 
with the value obtained with control (PBS-treated) PMNs from the same animal. 
Either an analysis of variance procedure (blocked by day) or Students T-test 
was used to determine significance of the differences in PMN function. For 
data presentation, all treatment values were expressed as percent of control. 
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RESULTS 
Results of kinetic studies of 5042-nuxes in resting PMNs are shown in 
Figure I. The results indicate that low levels (approx. 0.05 nmoles 50^2-/1 o? 
PMNs ) of anion transport occurred in resting cells incubated at 4°C. There was 
no significant increase in the amount of 50^2 - transported into or out of the 
cells with increased incubation time at 4'C. Influx of 50^2 - by resting cells 
incubated at 37°C increased significantly (P < 0.01) when compared with cells 
held at 4'C. A maximum influx of 0.19 nmoles of 50^2 -/ ] o? PMNs was achieved 
at 50 min of incubation. Efflux of 50^2-by resting PMNs incubated at 37'C 
occurred rapidly reaching a maximum of approximately 0.20 nmoles of 50^2 -
/107 PMNs at 15 min. of incubation. The maximum levels of resting cell 50^2-
influx and efflux were not significantly different (P > 0.5). 
Results of kinetic studies of 50^2-fluxes in stimulated PMNs are shown in 
Figure 2. These results indicate that low levels (approx. 0.04 nmoles SÔ^2-
/107 PMNs ) of anion transport occurred in cells stimulated with opsonized 
zymosan and held at 4°C. There was no significant Increase in the amount of 
50^2 - transported into or out of the cells with increased Incubation at 4'C. 
Influx of 50^2- by stimulated cells incubated at 37'C occurred more rapidly 
than in non-stimulated cells. Maximum influx was approximately the same in 
stimulated and unstimulated cells. The kinetics of efflux of 5O42- from 
stimulated PMNs incubated at 37°C was nearly identical to the kinetics of 
influx in stimulated cells. The efflux from stimulated PMNs was somewhat 
slower and of lesser magnitude than the efflux from resting cells. 
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Figure 1. Kinetics of anion transport by resting bovine PMNs (mean ± S.E., n=6) 
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EFFLUX(JT'C) 
EFFLUX (4''C ) 
LU 0.14 
SR 0.06 
TIME (min ) 
Figure 2. Kinetics of anion transport by stimulated bovine PMNs (mean ± S.E., 
n=6) 
64 
The effects of the glucose analog, 2'-deoxy-D-glucose and DIDS on anion 
transport by stimulated PMNs are shown in Figure 3. Sulfate influx (30 min. 
incubation) was inhibited significantly (P <0.01) by 2'-deoxy-D-glucose and 
DIDS. Efflux (20 min. incubation) of 50^2- was not affected by the presence of 
either of the compounds tested. 
Results of kinetic studies of 50^2- influxes by stimulated PMNs in the 
presence of 40X10-5 M DIDS are presented in Figure 4. Inhibition of anion 
influx by DIDS did not occur until after five minutes of incubation. Anion influx 
remained suppressed for all successive periods of incubation. 
The results of the experiments determining the effects of DIDS on bovine 
PMN function are presented in Figure 5. The ability of PMNs to migrate 
randomly under agarose was significantly (P < 0.01 ) reduced to 38% of control 
(51.1 mm2 ) by 4.0X10-5 M DIDS. Ingestion of radiolabelled 5. aureus was 
significantly (P <0.01) inhibited to 54% of control (48% ingestion) in the 
presence of 2.0X10-5 M DIDS. Production of O2- as measured by reduction of NBT 
was not affected by 2.0X10-5 M DIDS, but the ability of PMNs to perform the 
iodination reaction was significantly (P <0.01) inhibited to 22% of control 
(46.5 nmoles Nal/lO^ PMNs) in the presence of 2.0X10-5 M DIDS. Cells exposed 
to 4.0X10-5 M DIDS also exhibited decreased ability [87% of control (74% 
specific 5icr release)] to carry out ADCC against target cells, however, this 
inhibition was not statistically significant (P > 0.5). 
Further characterization of the inhibition of PMN functions by DIDS was 
obtained by evaluating the effects of various concentrations of DIDS in parallel 
on anion transport and random migration, 5. aureus ingestion, and iodination. 
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INFLUX 
EFFLUX 
I S 80-
2'DEOXY-D-GLUCOSE DIDS 
TREATMENT 
Figure 3. Effects of 2'-deoxy-D-glucose (2.5X10-3(1) and DIDS (4X10-5M) on 
anion transport by stimulated PMNs incubated for 30 min. (mean ± 
S.E., n=4) 
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DIDS TREATED 
10 
TIME (min) 
Figure 4. Kinetics of anion influx by stimulated PMNs treated with DIDS 
(4X10-5 M) or saline (mean ± S.E., n=4) 
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Figure 5. Effects of DIDS on bovine PMN functions (mean ± S.E., n=5) 
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The results of these studies are presented in Figure 5. The inhibitory effects 
of DIDS on each of these functions was directly proportional to the 
concentration employed. 
69 
o 
or 
o 
o 
2.0x10 
ANION 
INFLUX 
DIDS CONCENTRATIONS (M) 
.0x10-5 • 0.5x10-5 110.25x10-5 
zm 
MIGRATION S. aureus 
INGESTION 
lODINATlON 
Figure 6. Effects of various concentrations of DIDS on anion influx (30 min.), 
random migration, 5. aureus ingestion, and iodination by parallel 
samples of stimulated PMNs (mean ± S.E., n=4) 
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DISCUSSION 
The data presented here indicate that the kinetics and mechanisms of SO^z-
anion influx and efflux across the bovine PMN plasma membrane differ. Anion 
influx was enhanced in PMNs stimulated with opsonized zymosan whereas 
efflux of 5O42- was unaffected by opsonized zymosan stimulation. 
Anion fluxes in stimulated PMNs were characterized using a variety 
reagents (Fig. 3). The glucose analog, 2'-deoxy-D-glucose, prevents production 
of ATP in cells by inhibiting both aerobic and anaerobic utilization of glucose.8 
To determine if anion transport in stimulated cells was an energy requiring 
process, 2'-deoxy-D-glucose was added to the standard reaction mixture. 
Sulfate influx, measured at 30 m in., was significantly suppressed by 2'-deoxy-
D-glucose while efflux was unaffected indicating that anion influx is an energy 
requiring process while efflux of anions by cells does not require production of 
ATP through utilization of glucose. This finding indicates that anion influx 
occurs through a different mechanism than anion efflux. 
Results obtained with DIDS were similar to those obtained with 2'-deoxy-
D-glucose. Sulfate influx by stimulated cells was significantly inhibited in the 
presence of DIDS, however, efflux of SO42- was unaffected. This result differs 
from previous findings 1 obtained with human neutrophils in which DIDS 
inhibited both anion influx and efflux suggesting that the mechanisms 
responsible for efflux of anions by bovine PMNs differ from those used by 
human cells. Results of the kinetic studies of SO^z-influx by stimulated PMNs 
treated with DIDS indicate that at least 5 minutes are required before DIDS can 
exert an inhibitory effect on 50^2 - influx. Results of experiments in which 
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PMNs were preincubated with either an equal volume of DIDS (4X10-5 M) or 
saline for 45 min. and then washed three times with saline indicated that the 
inhibition of anion influx by DIDS was reversed by washing. These results and 
those reported previously using human PMNs ^ indicate that DIDS interacts with 
cells through noncovalent bonds. 
Experiments designed to determine the effects of DIDS on PMN function 
indicated influx of anions across the plasma membrane is required for normal 
phagocyte function. Locomotion of PMNs through tissues towards a site of 
infection is a necessary response in the host phagocytic defense system. 
Results of the random migration assay (Fig. 5) indicated PMNs exposed to DIDS 
exhibit markedly impaired ability to migrate under agarose. 
The 5. ingestion assay (Fig. 5) indicated DIDS inhibits the 
phagocytic ability of bovine PMNs. Previous work by Korchak et al.4 indicates 
inhibition of anion transport by DIDS did not inhibit the ability of human PMNs 
to form phagocytic vacuoles as determined by ultrastructural analysis. 
Oxidative metabolism by PMNs and the subsequent production of 02~ is an 
important prerequisite for oxygen-dependent bactericidal activities. Nitroblue 
tetrazolium dye is directly reduced to a purple formazan by 02".^ Results of the 
NBT reduction assay (Fig. 5) Indicated that no inhibition of O2- production 
occurs in PMNs exposed to DIDS. These findings are similar to those reported 
previously for human PMNs."* 
The iodination assay evaluates the ability of PMNs to bind inorganic iodide 
to proteins via the action of the myeloperoxidase-H202-hal1de antibacterial 
system. The iodination reaction is dependent on the generation of hydrogen 
peroxide, degranulation of primary granules to release myeloperoxidase, the 
72 
presence of iodine, and the presence of tyrosine to bind iodine. Results of 
iodination assays (Fig. 5) involving PMNs exposed to DIDS indicated that the 
ability of PMNs to iodinate proteins is significantly inhibited by this compound. 
These results correlate with previous studies in which anion channel blockers 
were shown to inhibit degranulation in human neutrophils."* Inhibition of 
degranulation would be expected to result in inhibition of iodination due to the 
lack of release of myeloperoxidase. 
The ADCC assay measures the ability of PMNs to carry out a cytotoxic 
reaction against radiolabelled CRBCs in cooperation with anti-CRBC antibody. 
The results of these studies (Fig. 5) indicated that DIDS did not significantly 
affect the ability of PMNs to perform ADCC. 
Inhibition of PMN functions and anion transport by DIDS occurred in a 
concentration dependent manner (Fig. 6). It should be noted that the inhibition 
of anion transport decreased more rapidly with declining DIDS concentration 
than did the inhibition of the other PMN functions. The two lowest 
concentrations of DIDS had no measurable effect on anion influx, but certain 
aspects of PMN function were still inhibited. One possible explanation is that 
the anion transport assay may be less sensitive then the other assays. The 
inhibition of anion transport was measured at 30 min. of incubation whereas 
the other PMN functions were measured at varying times of incubation ranging 
from 10 min. to 18 hrs. It is possible that if anion transport and the other PMN 
functions were measured at similar time periods, there would be a higher 
degree of correlation between anion transport and the other functions. 
Alternatively, DIDS may exert additional inhibitory activities on PMN function 
which are unrelated to inhibition of anion transport. This explanation is 
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consistent with the decreased Mg2+-ATPase activity noted in human PMNs 
exposed to DIDS. These results Indicate that inhibition of anion Influx by DIDS 
can be related to a variety of PMN functional defects, however, it can not be 
stated with certainty that the inhibition of anion influx is directly responsible 
for the observed Inhibition of PMN function. 
The results of the current study indicated that permeant anions move into 
and out of bovine PMNs. Anion fluxes occur in both resting and stimulated cells 
although the kinetics of the influx reactions are dependent on the stimulation 
status of the cell. Maximal Influx of anions requires ATP production through 
glycolysis while anion efflux does not, suggesting that anion influx occurs 
through a different mechanism than anion efflux. Anion influx can be inhibited 
by the anion channel blocker, DIDS, In a concentration dependent manner and 
PMNs exposed to DIDS exhibited a markedly decreased capacity to perform 
certain effector functions. 
74 
REFERENCES 
1. Brown, E., Pazoles, C. Creutz, et al. 1978. Role of anions in parathyroid 
hormone release from dispersed bovine parathyroid cells. Proc. Natl. 
Acad. Sci. U. S. A. 75:876. 
2. Pollard, H., C. Pazoles, C. Creutz, et al. 1977. A role for anion transport in 
the regulation of release of chromaffin granules and exocytosis from 
cells. J. Supramolec. Struct. 7:277. 
3. Pollard, H., K. Tack-Goldman, C. Pazoles, et al. 1977. Evidence for control of 
serotonin secretion by human platelets by hydroxyl ion transport and 
osmotic lysis. Proc. Natl. Acad. Sci. U. S. A. 74:5295. 
4 Korchak, K, B. Eisenstat, S. Hoffstein, et al. 1980. Anion channel blockers 
inhibit lysosomal enzyme secretion from human neutrophils without 
affecting generation of superoxide anion. Proc. Natl. Acad. Sci. U. S. A. 
77:2721. 
5. Korchak, H., B. Eisenstat, J. Smolen, et al. 1982. Stimulus-response coupling 
in the human neutrophil. J. Biol. Chem. 257:5916. 
6. Roth, J. A, and M. L. Kaeberle. 1981. Isolation of neutrophils and 
eosinophils from the peripheral blood of cattle and comparison of their 
functional activities. J. Immunol. Methods 45:153. 
7. Hoffstein, S., H. Korchak, J. Smolen, et al. 1982. Early consequences of 
neutrophil activation and their association with degranulation. Pages 47-
66 in M. L. Karnovsky and L. Bol is, eds. Phagocytosis-Past and Future. 
Academic Press, New York, NY. 
75 
8. Hochster, R. 1963. Hexose and pentose analogues. Page 139 //? R. Hochster 
and J. Quastel, eds. Metabolic Inhibitors: A Comprehensive Treatise. Vol. 
1. Academic Press, New York, NY. 
9. Yost, F., and I. Fridovich. 1974. Superoxide radicals and phagocytosis. Arch. 
Biochem. Biophys. 16:395. 
76 
SECTION 111. PRODUCTION OF 5'-GUAN0SINE MONOPHOSPHATE 
AND ADENINE BY Brucella abortus AND THEIR ROLE IN 
THE INTRACELLULAR SURVIVAL OF THE BACTERIA 
77 
SUMMARY 
Brucella abortus produces two components separable by high 
performance liquid chromatography (fractions 3b and 10) which inhibit the 
myeloperoxidase-H202-halide antibacterial system of bovine neutrophils by 
preventing degranulation. In the current studies, fractions 3b and 10 were 
analyzed by high performance liquid chromatography and thin layer 
chromatography and compared with nucleotide and base standards. These 
investigations indicated that fraction 3b co-eluted and co-migrated with 5'-
guanosine monophosphate while fraction 10 co-eluted and co-migrated with 
adenine. The biological effects of 5"-guanosine monophosphate, adenine, and B. 
abortus fractions 3b and 10 on bovine neutrophil functions were determined. 
None of the compounds affected the ability of neutrophils to ingest bacteria or 
produce superoxide anion, lodination activity of neutrophils was inhibited to 
approximately 65% of control by 5'-guanosine monophosphate (0.04 mg/ml) and 
fraction 3b (0.04 mg/ml). lodination was also suppressed to approximately 
80% of control by adenine (0.04 mg/ml) and fraction 10 (0.04mg/ml). These 
results suggest that B. abortus fractions 3b and 10 are 5'-guanosine 
monophosphate and adenine respectively, and it is these materials which are at 
least in part responsible for the intracellular survival of the bacteria. 
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INTRODUCTION 
The effects of B. abortus strain 2308 on in vitro bovine polymor­
phonuclear leukocyte (PMN) functions have been determined previously.' The 
results of this study Indicate that this strain of B. abortus does not appear to 
produce any substances which Inhibit the phagocytic ability of PMNs. The 
ability of opsonized zymosan-stlmulated PMNs to produce superoxide anion as 
measured by reduction of nitroblue tetrazolium dye Is not Inhibited by whole 
heat-killed cells nor fractions of B. abortus. The myeloperoxidase-H202-
halide (MP0-H202-halide) antibacterial activity of PMNs is markedly suppressed 
by live B. abortus, whole heat-killed bacteria and less than 1,000 dalton 
supernatant preparations from heat-killed B. abortus 
Further studies involving morphometric analysis of transmission electron 
micrographs of bovine PMNs exposed to the less than 1,000 dalton supernatant 
of heat-killed B. abortus indicate that this material inhibits MPO-H2O2-
halide activity by preventing degranulation.2 The components responsible for 
this inhibition have been shown to be heat and pH stable materials from the 
supernatant of heat-killed cells which have molecular weights of less than 
1,000 daltons. 
Isolation of the inhibitory components (fractions 3b and 10) has been 
achieved through the use of high performance liquid chromatography (HPLC) and 
preliminary characterization indicates neither fraction contains detectable 
proteins or lipids. Fraction 3b contains a small amount of carbohydrate while 
fraction 10 does not contain a detectable amount. Both fractions exhibit 
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maximum absorbance of ultraviolet light at 250 nm. These results are 
consistent with the properties of nucleotides or nucleotide-like substances. 
There are several biological molecules which are capable of inhibiting 
degranulation of cytoplasmic granules of phagocytic cells. Viable 
Mycobacterium tuberculosis have been shown to inhibit degranulation 
through the action of a sulfatide containing glycolipid.3 This molecule has been 
shown to stimulate a sustained increase in intracellular cyclic 3% 5'-adenosine 
monophosphate (cAMP).^ Microtubule formation and degranulation by PMNs and 
macrophages are decreased in the presence of increased intracellular cAMP.5 
Riches et al. report that lysosomal enzyme secretion by murine macrophages is 
inhibited in the presence of purine nucleosides.^ This study indicates 
nucleotides are converted to nucleosides through the action of cell-associated 
5'-nucleotidase and it is the nucleoside which is responsible for the inhibition. 
Korchak et al. have shown that substances known as anion channel blockers 
[4-acetamido-4'-isothiocyano-2,2'-disulfonic stilbene (SITS) and 4,4'-
diisothiocyano-2,2'-disulfonic stilbene (DIDS)] inhibit degranulation by 
stimulated human neutrophils, but do not prevent the generation of superoxide 
anion.7 The mechanism of action for these compounds appears to be related to 
the ability of SITS and DIDS to specifically inhibit fusion of lysosomes with 
normal or invaginated plasma membranes. Recent studies in our laboratory 
indicate that the less than 1,000 dalton supernatant from heat-killed B. 
abortus does not appear to contain any components which express anion 
channel blocker activity. 
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The purpose of the present study was to determine if the PMN inhibitory 
components produced by B. abortus are nucleotides or bases and if so, to 
determine their identity. In addition, the ability of live B. abortus to produce 
nucleotides or bases was evaluated. 
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MATERIALS AND METHODS 
Bacterial fraction preparation 
Tlie procedures used to obtain the PMN inhibitory fractions produced by B. 
abortus have been described in detail previously.' Briefly, smooth strain 
2308 of B. abortus was grown in a fermentor for 48 hours at ZTZ. The cells 
were harvested and washed three times with saline (0.85% NaCl). The bacteria 
were then resuspended in saline to a concentration of 4X10" cells/ml and 
heat-kiUed at 65'C for one hour. The killed cells were pelleted and the 
resulting supernatant was separated by molecular filtration through a 1,000 
dalton exclusion filter (YM2, Am icon Corp., Lexington, MA). The filtrate was 
designated as the less than 1,000 dalton fraction. 
Nucleotide or base preparations 
Authentic samples of cAMP, 5'-adenosine monophosphate (AMP), 5'-cytidine 
monophosphate (CMP), 5'-uridine monophosphate (UMP), and 5"-guanosine 
monophosphate (GMP) and the bases; adenine, cytosine, uridine, and guanine 
were obtained from Sigma Chemical Co., St. Louis MO. 
High performance liquid chromatoaraohv 
The less than 1,000 dalton fraction was further purified by reverse-phase 
high performance liquid chromatography. Briefly, 1.0 ml samples were injected 
onto a reverse-phase CI8 column (iiBondapack 7.8 mm X 300 mm. Waters 
Associates, Milford, Mass.). The mobile phase consisted of a solution of 5% 
methanol and 0.1 % ammonium bicarbonate in water adjusted to pH 5.4 using IN 
HCl. The flow rate during the separation was 1.5 ml/min and the effluent was 
monitored at 254 nm. HPLC fractions 3 and 10 which possessed PMN supressive 
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activity were collected and dried in a lyophilizer to remove the volatile solvent 
components. Following drying, the fractions were resuspended to their 
injection volume. HPLC fraction 3 was rechromatographed using the same 
solvent and column, with a 1.0 ml/min flow rate to obtain better separation of 
the components of interest. 
HPLC analysis of authentic nucleotide and base samples as well as 
mixtures of these materials and the two purified inhibitors from B. abortus 
were performed using the same column, solvent and a 1.0 ml/min. flow rate. 
Thin laver chromatoaraphy 
Confirmation of HPLC identification was obtained using thin layer 
chromatography (TLC). Briefly, 0.05 ml samples of either B. abortus 
components, nucleotide and base preparations, or mixtures of both were 
spotted onto normal phase silica gel plates (silica gel G, Analtech, Newark, 
Del.). The mobile phase consisted of a solution of 70% propanol in water. 
Following separation, the plates were exposed to short-wave ultraviolet light 
and the Rf values for the compounds determined. 
PMN preparation 
Bovine PMNs were isolated as previously described.^ Briefly, peripheral 
blood was collected in acid-citrate-dextrose solution and centrifuged. The 
resulting plasma and buffy coat cells were discarded. Erythrocytes present in 
the packed cell layer were lysed with phosphate buffered deionized water and 
the remaining cells, which generally consisted of >90% granulocytes, were 
washed and resuspended in phosphate buffered saline solution (PBS, 0.15M NaCI, 
50mM phosphate, pH 7.2) to a concentration of 5X10? cells/ml. 
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PMN function tests 
PMN function tests were performed using a modification of procedures 
described previously^ The assays were conducted in 96-well plates with 
membrane filters attached to the bottom of the wells (Millititer, Model SV, 
Millipore Corp., Bedford, MA). 
1 ) Staphylococcus aureus ingestion- Heat-killed ['25|] jodo-
deoxyuridine (['25|judR, Amersham Corp., Arlington Heights, ID- labeled 
5. aureusused to evaluate ingestion by PMNs. The test was 
conducted in duplicate and the average of duplicate values was used for 
calculation. The standard reaction mixture contained 0.05 ml of 
[i25|]udR labeled 5. aureus in PBS, 0.025 ml of PMNs in PBS (1.25X106 
PMNs, 60:1 bacteria to PMN ratio), 0.025 ml of a 1:10 dilution of bovine 
anti-5. aureus serum and 0.1 ml of Earle's Balanced Salt Solution 
(EBSS, GIBCO, Grand Island, NY). To determine the effects of 
nucleotides, bases or bacterial fractions on ingestion by PMNs, 0.05 ml 
of a bacterial fraction (3b or 10, 0.2 mg/ml in PBS), 0.05 ml of a 
nucleotide or base preparation (0.2 mg/ml in PBS), or 0.05 ml of PBS as 
a control was added to the standard reaction mixture. The reaction was 
started with the addition of PMNs. Following incubation at 37°C for 10 
minutes with aggitation (Microshaker, Dynatech, Alexandria, VA), the 
extracellular 5. aureus was removed by lysostaphin (1 lU in PBS, 0.1 
ml) treatment for 30 minutes at 37°C. The PMNs were washed twice 
with 0.25 ml of PBS by filtration and the filters were transferred to 
12X75mm tubes. The amount of PMN-associated radioactivity trapped 
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on a filter was determined and results were expressed as the 
percentage of labeled 5. aureus that were ingested. 
2) Cytochrome c reduction- This test measures the amount of superoxide 
anion produced by PMNs during the oxidative metabolic burst. The test 
was conducted in triplicate and the average of triplicate values was 
used for calculation. The filters of the plate were prewetted with a 
solution of 0.5% bovine serum albumin prior to the addition of reaction 
reagents. The standard reaction mixture contained 0.075 ml of 
cytochrome C solution [stock solution=538 |iM in EBSS without phenol 
red, (GIBCO, Grand Island, NY)], 0.025 ml of PMNs in PBS (1.25X106 
PMNs), and 0.025 ml of preopsonized zymosan (7.5 mg/ml in EBSS 
without phenol red). Measurement of superoxide anion production by 
resting PMNs was performed similarly, except the preopsonized zymosan 
was replaced with 0.025 ml of EBSS without phenol red. Control and 
principal wells contained the same final volume of fluid. To determine 
the effects of nucleotides, bases or B. abortus fractions on superoxide 
anion production by PMNs, 0.050 ml of a B. abortus fraction (3b or 10, 
0.2 mg/ml in PBS), 0.05 ml of a nucleotide or base preparation (0.2 
mg/ml in PBS), or 0.05 ml of PBS as a control was added to the standard 
reaction mixture. The reaction was started with the addition of PMNs. 
Following incubation at 37'C for 30 minutes with agitation, the culture 
filtrates were collected into a conventional 96-well plate. The 
entrapped PMNs were washed twice by filtration with 0.075 ml of EBSS 
without phenol red which was also collected. The plates were agitated 
briefly, and the optical density of the solutions at 550 nm was 
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determined using a micro EL I SA spectrophotometer (Model 610, 
Dynatech Corp., Alexandria, VA). 
3) lodination assay- The iodination assay (a measure of MP0-H202-halide 
activity by PMNs) was performed in duplicate and the average of 
duplicate values was used for calculations. The standard reaction 
mixture contained 0.025 ml of PMNs (1.25X106 PMNs), 0.1 nCi of [125|] in 
0.025 ml of EBSS, (carrier free, Amersham Corp., Arlington Heights, ID, 
0.025 ml of Nal in EB55 (20 nmoles), 0.025 ml of preopsonized zymosan 
(7.5 mg/ml in EBSS), and 0.1 ml of EBSS. lodination by resting cells was 
determined similarly, but preopsonized zymosan was omitted from the 
reaction mixture. To determine the effects of nucleotides, bases or B. 
abortus fractions on MP0-H202-halide activity of PMNs, 0.05 ml of a B. 
abortus fraction (3b or 10, 0.2 mg/ml), 0.05 ml of a nucleotide or base 
preparation (0.2 mg/ml), or 0.05 ml of PBS as a control was added to the 
standard reaction mixture. The reaction was started with the addition 
of PMNs. Following incubation at 37'C for 20 minutes with agitation, 
the cells were washed twice by filtration with 0.25 ml of PBS and the 
filters were transferred to 12X75mm tubes. The amount of entrapped 
radioactivity was determined and the results were expressed as nmoles 
of Nal per 10^ PMNs per hour. 
To determine the effects of bacterial fractions or nucleotides on each PMN 
function, the value obtained when a bacterial fraction or nucleotide preparation 
was added to PMNs was compared with the value obtained with control (PBS-
treated) PMNs from the same animal. Either an analysis of variance procedure 
(blocked by day) or Student's T-test was used to determine significance of the 
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differences in PMN function. For data presentation, all treatment values are 
expressed as percent of control which is defined as: 
(the experimental value/control value) X 100. 
Determination of nucleotide production bv live B. abortus 
To determine if live B. abortus elaborate nucleotides or bases into their 
surroundings, medium in which the bacteria had been incubated was evaluated 
by HPLC analysis as described above. Briefly, B. abortus cells were grown in 
a fermentor and washed as described above. The bacteria were resuspended in 
EBSS to a density of IXlO'icells/ml and incubated at 37'C for two hours. 
Following incubation, the cells were pelleted by centrifugation and the culture 
supernatant was filtered twice through 0.45um filters and checked for 
sterility. The filtrate was then passed through a 1,000 dalton cutoff filter as 
described above and designated as the culture supernatant fraction. 
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RESULTS 
Results of HPLC analyses of bacterial fractions and nucleotides 
Analysis of B. abortus fractions 3b, 10 and the authentic nucleotide 
preparations by HPLC indicated fraction 3b co-eluted with GMP. B. abortus 
fraction 10 co-eluted with adenine. None of the other nucleotides or bases 
tested co-eluted with either of the bacterial fractions. 
Results of thin laver chromatographic analysis 
The results of the TLC studies are shown in Figure 1. When exposed to 
short-wave U.V. light, fraction 3b produced one spot with an Rf of 0.30. The 
authentic sample of GMP also produced one spot with an Rf of 0.30. Fraction 3b 
and GMP co-migrated when mixed together and applied to the plate. B. abortus 
fraction 10 produced one spot with an Rf of 0.46. Adenine also migrated with 
an Rf of 0.46 while a mixture of fraction 10 and adenine co-migrated to 
produce a single spot with an Rf of 0.46. None of the other nucleotides or bases 
tested co-migrated with either of the bacterial fractions. 
Effects of bacterial fractions. GMP and Adenine on PMN functions 
The results of the 5. aureus ingestion studies are shown in Figure 2. None 
of the materials tested (final concentratlon=0.04 mg/ml) had any significant 
(P>0.05) effect on the ability of PMNs to ingest bacteria. 
The results of the Cytochrome c reduction assays are shown In Figure 2. 
The ability of PMNs to produce superoxide anion in response to opsonized 
zymosan as measured by reduction of Cytochrome c was not decreased In the 
presence of any of the materials tested (final concentration= 0.06 mg/ml). 
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Figure 1. Normal phase TLC separation of GMP, adenine, and bacterial fractions 
3b and 10 
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a GMP concentration = 110(iM, adenine concentration = 300|iM, fractions 3b 
and 10 concentrations = 0.04 mg/ml. 
b GMP concentration = 160iiM, adenine concentration = 430uM, fractions 3b 
and 10 concentration = 0.06 mg/ml. 
Figure 2. Effects of GMP, adenine, and bacterial fractions 3b and 10 on bovine 
neutrophil functions (mean ± 5. E., n=8) 
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The effects of GMP, adenine, and the bacterial fractions on the ability of 
PMNs to iodinate proteins are shown in Figure 2. Iodination was significantly 
(P<0.01 ) suppressed to 62+7% and 68+9% of control (40 nmoles Nal/lO? 
PMNs/hr) by GMP (0.04 mg/ml, 11 OjiM) and B. abortus fraction 3b (0.04 
mg/ml) respectively. Significant reductions of iodination to 76+8% and 
83± 11 % of control also occurred in the presence of adenine (0.04 mg/ml, 
300jiM) and B. abortus fraction 10 (0.04 mg/ml). None of the other 
nucleotides or bases tested had significant effects on iodination. 
Titration of inhibitory activity of GMP. adenine, and the bacterial fractions 
Various concentrations of adenine, GMP and B. abortus fractions 3b and 
10 were used to evaluate each substance's concentration effects on iodination 
by bovine PMNs (Figures 3 and 4). The inhibitory activities expressed by all of 
the fractions were concentration dependent. None of the fractions completely 
inhibited the iodination reaction even at the highest concentration tested. The 
shape of the titration curves for fraction 3b and GMP are similar as are the 
curves for fraction 10 and adenine. 
Release of inhibitors bv live B. abortus into culture medium 
Results of the HPLC studies involving the culture supernatant fluid from 
live B. abortus cells is presented in Figure 5. Peak 2 was shown to co-elute 
with GMP while peak 9 co-eluted with adenine. None of the other peaks co-
eluted with either GMP or adenine. 
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Figure 3. Effects of various concentrations of bacterial fraction 3b and GMP 
on iodination by bovine PMNs (mean±S. E., n=5) 
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Figure 4. Effects of various concentrations of bacterial fraction 10 and 
adenine on iodination by bovine PMNs (mean+S. E., n=5) 
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Figure 5. Separation of the less than 1,000 da I ton fraction of supernatant 
fluid from live B. abortus cultures by reverse-phase HPLC 
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DISCUSSION 
The results of the current studies indicated that B. abortus fractions 3b 
and 10 behaved identically to GMP and adenine respectively when analyzed by 
HPLC and TLC and the biological effects of GMP and adenine on bovine PMN 
functions were similar to those of fractions 3b and 10, respectively. 
Results of the TLC studies (Figure 1 ) indicated that fraction 3b produced 
one spot with an Rf value of 0.30 when exposed to ultraviolet light. This 
finding is contradictory to results reported previously which indicated fraction 
3b was composed of two materials, one with an Rf of 0.31 and the other with 
an Rf of 0.47.1 The material with an Rf value of 0.47 co-migrates with B. 
abortus fraction 10. We believe that this discrepancy may have been due to 
contamination of fraction 3b with some fraction 10 material. 
Oxidative metabolism by PMNs is an important prerequisite for oxygen-
dependent bactericidal activities. Upon stimulation, oxidase enzymes on the 
surface of the PMN plasma membrane catalyze the conversion of oxygen to 
superoxide anion. Cytochrome c is directly reduced by superoxide anion, 
therefore, Cytochrome c reduction is a measure of superoxide anion production 
by the PMN. None of the materials tested inhibited the superoxide anion 
dependent reduction of Cytochrome c. Previous studies have indicated that 
ingestion of B. abortus does not stimulate production of superoxide anion by 
PMNs.9.10 These studies also indicated that if the respiratory burst is 
stimulated by another phagocytosable particle, B. abortus does not inhibit the 
formation of superoxide anion. The current work evaluated the ability of PMNs 
metabolically stimulated with opsonized zymosan to carry out the respiratory 
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burst in the presence of nucleotides, bases, or bacterial fractions. The results 
of these experiments indicated that once the respiratory burst was stimulated, 
the bacterial fractions and other substances did not inhibit the production of 
superoxide anion. 
The iodination assay evaluates the ability of PMNs to bind inorganic iodide 
to proteins via the action of the myeloperoxidase-H202-halide antibacterial 
system. The iodination reaction is dependent on the generation of hydrogen 
peroxide, degranulation of primary granules to release myeloperoxidase, the 
presence of iodine, and the unimpaired activity of the myeloperoxidase enzyme 
to catalyze the reaction. The results of the PMN iodination studies indicated 
that GMP suppressed the ability of PMNs to iodinate proteins to 62% of control 
which was similar to the value of 68% of control obtained with the same 
concentration of fraction 3b. Adenine inhibited the MP0-H202-halide activity 
of PMNs to 76% of control compared to 83% of control obtained with B. 
abortus fraction 10. The decreased iodination activity in the presence of 
these molecules was probably due to decreased degranulation of PMN 
cytoplasmic granules similar to the less than 1,000 dalton fraction of B. 
sbortus?- These findings are consistent with those presented previously^ 
which indicate that purine nucleosides depress degranulation by murine 
macrophages. 
The studies used to evaluate the ability of live B. abortus to produce 
nucleotides and bases (Figure 6.) indicated that both GMP and adenine are 
produced by viable cells. These results would appear to conflict with previous 
findings' which indicate that culture supernatants from live B. abortus do not 
inhibit the ability of PMNs to carry out iodination. Results of the current study 
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are based on the ability of the live bacteria to release sufficient quantities of 
nucleotides to be detected by absorbtion of ultraviolet light at 254 nm. The 
amount of material released by viable organisms under the conditions tested is 
insufficient to cause a significant reduction in iodination activity of bovine 
PMNs in suspension in vitro. 
These studies indicate that one of the mechanisms by which B. abortus 
may escape intracellular killing by PMNs is through the production of GMP and 
adenine which inhibit the MP0-H202-halide antibacterial system of bovine 
PMNs. Due to their small size, it seems likely that these molecules are not 
immunogenic and escape detection by the bovine immune system while 
facilitating the intracellular survival of B. abortus. If the inhibitory effects 
of GMP and adenine on PMN function can be blocked through either immunologic 
or pharmacologic means, it may be possible to enhance the ability of PMNs to 
destroy the bacteria and increase the effectiveness of the bovine immune 
system against B. abortus. 
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GENERAL SUMMARY 
The pathogenesis of bovine brucellosis is in part dependent upon the ability 
of the causative agent, B. abortus, to survive within the phagocytic cells of 
the host. 
The experimentation described in this dissertation involved three main 
areas. First, the effects of virulent B. aùortus on specific aspects of bovine 
neutrophil function were evaluated to determine which neutrophil functions 
were impaired. Second, the bacterial components responsible for the inhibition 
were isolated and characterized to determine their chemical identity. Third, 
the kinetics of anion transport in resting and stimulated bovine PMNs were 
determined and the effects of an anion channel blocker on a variety of PMN 
functions were evaluated. 
The effects of B. abortus strain 2308 fractions on in vitro PMN 
functions were examined. 5. aureus ingestion and reduction of nitroblue 
tetrazolium dye were not inhibited by heat-killed B. abortus The activity of 
the MP0-H202-haiide antibacterial system was markedly inhibited in the 
presence of live or heat-killed bacteria. Materials responsible for the 
inhibitory activity could be associated with the supernatant from heat-killed 
cells. Molecular filtration, autoclaving, and exposure to extremes of pH 
indicated that the components responsible for the inhibitory activity were heat 
and pH stable materials with molecular weights of less than 1,000 daltons. 
Morphometric analysis of transmission electron micrographs of bovine PMNs 
exposed to the less than 1,000 dalton supernatant fraction indicated that this 
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material inhibits the MP0-H202-halide system by preventing degranulation of 
cytoplasmic granules. 
Isolation of the inhibitory components was achieved using reverse-phase 
HPLC. Two inhibitory fractions, denoted fraction 3b and fraction !0, were 
found to inhibit iodination activity in a concentration dependent manner. 
Preliminary characterization of the HPLC purified fractions indicated that 
neither fraction 3b nor 10 contained detectable proteins or lipids. Fraction 3b 
possessed a small amount of carbohydrate while fraction 10 did not contain any 
detectable amount. Both fractions exhibited maximum absorbance of U.V. light 
at 260 nm. These results were consistent with the properties of nucleotides or 
nucleotide-like substances. The relevance of these findings to previous studies 
and the pathogenesis of brucellosis were discussed. 
B. abortus fractions 3b and 10 were analyzed by HPLC and TLC and 
compared to nucleotide and base standards to determine the chemical nature of 
each fraction. These investigations indicated that fraction 3b co-eluted and 
co-migrated with 5'-guanosine monophosphate while fraction 10 co-eluted and 
co-migrated with adenine. Neither bacterial fraction co-eluted or co-migrated 
with any of the other nucleotides or bases tested. These results suggested that 
fraction 3b was chemically similar to GMP while fraction 10 was chemically 
similar to adenine. 
The effects of GMP and adenine on bovine neutrophil functions were 
compared to those of B. abortus fractions 3b and 10, respectively to 
determine if the biological activities were the same. Neither GMP nor adenine 
had any significant effect on either 5. aureus ingestion or superoxide anion 
production. These results were similar to those obtained with fractions 3b and 
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10. Both GMP and adenine markedly suppressed the iodination ability of PMNs in 
a manner similar to B. abortus fractions 3b and 10, respectively. Parallel 
titrations of GMP, adenine, and the bacterial fractions indicated that GMP and 
adenine express similar concentration effects on iodination activity to 
abortus fractions 3b and 10. 
Studies used to evaluate the ability of live B. abortus to produce 
nucleotides and bases indicated that both GMP and adenine are produced by 
viable bacteria. These results suggest that fractions 3b and 10 are GMP and 
adenine, respectively, and it is these materials which are at least in part 
responsible for the intracellular survival of the bacteria 
Inhibition of anion fluxes across the plasma membranes of human 
neutrophils by compounds known as anion channel blockers produces similar 
effects on PMN function as fractions 3b and 10 from B. abortus An assay for 
detecting and measuring fluxes of 50^2- anions across the plasma membrane 
was adapted for use with bovine PMNs. Results of anion transport studies 
indicated that both resting and opsonized zymosan stimulated PMNs transport 
anions into and out of tfie cell. Resting and stimulated cells transported 
approximately the same amount of 50^2- jnto the the cell, however, stimulated 
cells achieved maximum influx levels at an accelerated rate. The kinetics of 
5O42- efflux did not differ significantly between stimulated and resting PMNs. 
Anion influx, but not efflux was inhibited in the presence of 2'-deoxy-D-
giucose indicating anion influx is an energy requiring process while efflux of 
anions by cells does not require production of ATP through the utilization of 
glucose. Results obtained with the anion channel blocker 4,4'-diisothiocyano-
2,2"-disulfonic stilbene (DID5) indicated that 50^2- influx was significantly 
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inhibited in the presence of DID5 while efflux of SO42- was unaffected. 
Inhibition of anion influx by DIDS was reversed by washing, indicating that 
DID5 interacts with cells through non-covalent bonds. 
Experiments designed to determine the effects of DIDS on PMN function 
indicated influx of anions across the plasma membrane is required for normal 
phagocyte function. Random migration under agarose, 5. aureus ingestion, and 
iodination by opsonized zymosan stimulated PMNs were inhibited in the 
presence of DIDS. Superoxide anion production and antibody-dependent cell-
mediated cytotoxicity activity by PMNs were not affected by DIDS. These 
results were discussed in relation to previous studies conducted with human 
PMNs. 
The goal of future research will be to further characterize the roles of GMP 
and adenine in the intracellular survival and virulence of B. abortus and to 
develop methods for increasing the ability of phagocytic cells to kill the 
bacteria. 
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